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CONDITION SURVEY REPORT
FOR

VERMILION HARBOR, OHIO
IMPACT STUDY OF

THE DETACHED BREAKWATER

INTRODUCTION
STUDY PURPOSE

The purpose of this study was to determine whether or not the detached
breakwater at Vermilion Harbor, OH, is causing any adverse effects for which
mitigation measures should be considered. The study was initiated in April
1977 in response to complaints from the Linwood Park Cottage Owners
Association and other citizens concerned about specific subjects.

The Vermilion Harbor project is a Federally constructed facility whose
purpose is to provide a safe harbor for recreational and commercial fishing
craft. The latest Vermilion Harbor improvements were completed in July 1974,
and consisted of channel widening and deepening and construction of a
detached breakwater approximately 300 feet off the ends of the existing
piers. Subsequent to this latest construction, there were repeated
complaints that the breakwater is causing serious environmental, health, and
recreation problems in the adjoining area. The purpose of this report is to
present the results of the investigations undertaken to identify and develop
feasible solutions to these problems based upon sound engineering, economic,
environmental, and social considerations.

STUDY AUTHORITY

Authorization for the study of impacts created by the detached breakwater
in Vermilion Harbor, OH, is contained in ER 11-2-101 (15 May 1967). Chapter
4, Operation and Maintenance, details Feature 0.7, Condition and Operation
Studies. This feature provides for " • • . reconnaissance surveys, detailed
condition surveys, inspections, and studies to determine the physical con-
dition and operating deficiencies of . . . , structures of projects operated
and maintained by the Corps of Engineers and the dissemination of information
relating thereto."

In addition to this Condition Survey, the Buffalo District has prepared a
Detailed Project Report concerning mitigation of shore damages due to Federal
navigation works at Vermilion Harbor. This Detailed Project Report was pre-
pared under authority of Section III of the River and Harbors Act of 1968,
PL 90-483, approved 13 August 1968, and is a companion report to this

document.

£The Federal Government initially authorized the construction of harbor
improvements at Vermilion, OH, by the Rivers and Harbors Act of 1836.
Continued improvements to the harbor were authorized by the Rivers and
Harbors Act of 1875 and 1958. The existing project depth of 12 feet was
first authorized for commercial vessels in the River and Harbors Act of 1875.

II



STUDY SCOPE

The scope of this study is to evaluate the impact of the detached break-
water on:

The municipal water supply.

Swimming areas and beaches.

• Ice jam flooding.

• Free-flow flooding.

• Sedimentation.

Navigation.

* Aesthetics.

This report summarizes the studies performed to date and presents the
conclusions reached by the District regarding the need for mitigation.

STUDY PARTICIPATION AND COORDINATION

The Corps of Engineers has coordinated efforts with the public to obtain
accounts of harbor conditions tracing time, nature, and sources of the break-
water impacts. Public participation was also utilized to determine the
historical behavior of ice formation in the harbor area.

Soon after construction of the breakwater in 1973, public controversy
developed over alleged adverse effects of the detached breakwater.
Individuals and groups wrote letters expressing their opinions on the break-
water and its impacts. The major concerns expressed were degradation of
water quality and the loss of beach sand to the east of the breakwater.
These concerns resulted in a Section 111 Reconnaissance Study being initiated
in 1975.

A public meeting was held on 30 August 1977 at Vermilion High School to
report on the outcome of the Section 111 Reconnaissance Study and the ini-

tiation of the Impact Study and the Companion Section III Detailed Project
Report. As explained at the August 1977 public meetir:, the Buffalo District
selected Stanley Consultants to undertake this phase of the study to insure
maximum objectivity of judgement in arriving at a conclusion regarding the
breakwater impacts. The greatest concern the residents of Vermilion
expressed was over the quality of the water at the beaches.

A second public meeting was held a year later at Vermilion High School on
31 August 1978. The purpose of that meeting was to present the results of
Stanley Consultants' Impact Study. Of the general topics introduced, flooding
due to ice jams received a substantial amount of discussion. Several indi-
viduals expressed the opinion that the detached breakwater promotes ice
jinming at the mouth of the Vermilion River. This led to a discussion of
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the Coast Guard's responsibility to and its past performance in the clearing
of ice jams. The attending public was reminded that the Coast Guard's pri-
mary mission is not flood protection and that it cannot be depended upon to
relieve future ice jams at Vermilion Harbor. Also discussed at length was
the loss of beach to the west of the harbor piers. This impact is addressed
in the previously mentioned Companion Section III Report.

Close coordination was maintained with several agencies during the prep-
aration of this study. Both the Erie County Department of Health and the
Ohio Department of Health were frequently used to obtain water quality data
at Vermilion area beaches during the initial study. The Vermilion Port
Authority was contacted to obtain information on channel conditions and past
ice breaking operations, while the U. S. Coast Guard was contacted numerous
times to provide information on its ice breaking responsibilities and method
of operations for clearing ice jams in the harbor. Copies of correspondence
were presented in previous Vermilion Harbor impact studies by Stanley
Consultants and Tetra Tech. Pertinent correspondence is contained in
Appendix A of this report. Additional correspondence concerning this report
can be obtained in the library of the Buffalo District Office, at 1776
Niagara Street, Buffalo, NY 14207.

Continual coordination was maintained with all levels of Government -

local, State, and Federal - to obtain information and to report study
progress.

PRIOR STUDIES AND REPORTS

Several studies and reports have been completed for various improvements
at Vermilion Harbor. Two of these reports present results of studies done on
the impacts of the offshore breakwater as related to the harbor area.

The Breakwater Impact Study of Vermilion Harbor, Ohio was completed April
1978 by Stanley Consultants for the Corps of Engineers, Buffalo District.
The report presents results of a study on the impact of the detached break-
water on: (1) municipal water supply, (2) swimming areas and beaches, (3)
ice jam flooding, (4) free-flow flooding, (5) sedimentation, (6) navigation,
and (7) aesthetics. This report was previously sent to the principal study
participants, and is available in the library at the Buffalo District Office,
Ritter Public Library, Vermilion Port Authority, city of Vermilion and the
Linwood Park Company Offices.

The Special Impact Study of Ice Jam Flooding, Vermilion Harbor, Ohio was
completed in July 1980 by Tetra Tech for the Corps of Engineers, Buffalo
District. Because this report has not been distributed for public review, it
in included in its entirety as Appendix B to this document.
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THE STUDY AREA

GENERAL

This section presents information that will provide an understanding of
the areats existing physical environment, and development of the Federal
Harbor Project. The purpose of this section is to provide a frame of
reference for subsequent discussions of needs and alternative solutions,
together with their effects.

THE FEDERAL PROJECT

a. Location and Description

The Federal Project at Vermilion Harbor, located at the mouth of the
Vermilion River in Erie County, OH, is approximately 37 miles west of
Cleveland, OH and was originally constructed in 1839. The harbor is
comprised of east and west approach channels, the lower 3,600 feet of the
Vermilion River, and four artificial lagoons. A detached breakwater built in
1973 by the Federal Government shelters the approach channels during moderate
wind and wave conditions and reduces wave and surge action in the harbor.
Four lagoons, constructed on the east side of the river by private interests,
have depths averaging 4 feet below the Lake Erie Low Water Datum (LWD) of
568.6 feet on the International Great Lakes Datum of 1955. Figure 1 shows
the harbor layout and location.

Several beaches are located near the Federal Project at Vermilion Harbor.
They are Vermilion City Beach, located about 200 feet to the west of the har-
bor entrance; and Lagoons, Linwood, and Nakomis Beaches, located east of the
harbor entrance. The locations of the beaches are shown on Figure 1. Sherod
Beach, 1.5 miles to the west of the harbor, was also considered in the study.

b. History of Vermilion Harbor Project

Until the Federal Government began construction of the original two jet-
ties at the mouth of the Vermilion River in 1836, less than 2 feet of water
flowed over the bar at the Vermilion River mouth. The development of the
harbor from a natural river state to the present harbor configuration is sum-
marized below.

CHRONOLOGY OF HARBOR IMPROVEMENTS

1836 - Rivers and Harbors Act authorized the U. S. Army Corps of Engineers to
develop a harbor at Vermilion. Constructed in 1839 were parallel
piers, built 125 feet apart, extending lakeward to the 10-foot depth
contour.

1874-1878 - Piers extended to the 12-foot depth contour.
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1875 - Rivers and Harbors Act authorized an increase in channel depth to 12
feet and an extension of the channel upstream to about 1,330 feet from
the outer end of the entrance piers. Construction was completed in
1878.

1905 - Rivers and Harbors Act authorized pier repairs and replacement of the
timber superstructure with heavy stone. Work was completed in 1914.

1933 - Erie, Ontario, Superior, and Huron Lagoons completed by private
interests.

1945 - (3 May) The public, in a hearing at Vermilion, requested that means
be provided for entering the harbor under extreme weather conditions.

1958 - Rivers and Harbors Act authorized improvements to the entrance and
channel of harbor, as proposed in the 1956 Report on Ve. milion
Harbor, Ohio, for Navigation (Survey) by the Corps of Engineers.

1968-1969 - Model studies of proposed harbor improvements at Waterways
Experiment Station, Vicksburg, MS.

1971 - General Design Memorandum, Vermilion Harbor, Ohio, completed by the
Corps of Engineers, describes the proposed entrance and channel
improvements, including:

" A detached "T-type" breakwater.

" Excavation of 9,000 cubic yards of earth.

" A westerly lake approach channel.

" An easterly lake approach channel.

" A river channel extension.

1973 - Construction of the latest Vermilion Harbor project including the
detached "T-type" cellular breakwater and associate4 channel
improvements.

1974 - Citizen complaints received by Corps of Engineers regarding possible

effects of the new breakwater.

June 1974 - Emergency dredging 5,900 cubic yards, from east side of the
entrance channel disposed of on west side of west pier.

February 1975 - Emergency dredging 3,000 cubic yards, at east side of the
entrance channel.

December 1975 - Maintenance dredging 5,000 cubic yards, outer portion of
breakwater, disposed of in open-lake.
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December 1978 - Maintenance dredging 3,700 cubic yards, between the break-
water and end of the piers open-lake disposal.

May 1979 - Sand Pumping Demonstration Program - Artificial transport of
approximately 2,500 cubic yards of sand from the East Pier fillet to

Jeastern end of Linwood Beach.

October - November 1979 - Maintenance dredging 33,000 cubic yards, between
the piers and upriver to the upstream limit of the project. Open-lake
disposal and confined disposal at Lorain Harbor.

Except for minor alterations during pierhead construction, the position
of the lakeward ends of the jetties has not changed since 1878. Besides
making frequent and extensive repairs to both piers, between 1907 and 1914
the Federal Government replaced the entire timber superstructure with heavy
stone, raising the elevation of the piers to 6.5 feet above low water datum.

The Rivers and Harbors Act of 1958 authorized overlapped arrowhead
breakwaters, which were to be built at a distance of about 500 feet lakeward
of the outer end of the east pier with a new entrance 150 feet wide, as shown
in Figure 2.

---... ARROWHEAO
lr -''' e- ' BREAKWATER

"..= . . .....

\ VERMILION LIGHT

%' EAST PIER

"' WEST PIER
"
]

N,

Figure 2 BREAKWATER AS PROPOSED IN SURVEY REPORT OF 1956

This proposed plan of improvement was discussed with representatives of
both the commercial and recreational boating interests. The breakwaters
would provide a protected area about 500 feet long in which vessels could be
maneuvered for entry between the existing piers with little interference byC' waves and currents. The planned improvement of the river channel further
upstream would provide an easier approach to the lagoons.
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A model study of this authorized plan was conducted at the Waterways

Experiment Station in 1967. The model study, limited to investigating the
effects of various structures on wave action, showed that the open arrowhead
type of breakwaters did provide some reduction in wave action. However,
there were indications that a disproportionate increase in the length of the
breakwaters would be required to reduce wave heights to satisfactory levels
in the harbor. After reviewing these satisfactory plans that varied length
and alignment, the Vermilion Port Authority requested selection of a single
breakwater located parallel to the shore and about 300 feet north of the
existing pier ends, for the following reasons:

* Increased navigation clearance during peak use time and severe

weather conditions.

* Additional clearance for discharge of ice at breakup time.

Safe and easy maneuverability for the Coast Guard icebreaker.

In 1973, the Federal Government constructed the breakwater, a "T-type"

cellular structure, and extended the Federally maintained river channel to a
point 3,600 feet upstream from the east entrance pier. The 864-foot long
breakwater is aligned in an east-west direction. The structure consists
of 22 35-foot diameter circular steel caisson cells with overlapping arcs

(Figure 3). After sheetpiles were driven into bedrock, the cells were filled
with locally available granular material, covered with a 2-foot thick rein-

forced concrete cap, and had the appropriate cleats, light poles, and ladders

installed. The top of the breakwater is 10 feet above LWD.

During the construction period, approximately 20,000 cubic yards of sedi-

ment and 5,700 cubic yards of unclassified material were dredged from the
lake approach entrance channel, classified suitable for open-lake disposal,

and deposited in the open-lake dump zone 2-1/4 miles north of the harbor.
Sediment dredged from the river channel was classified unsuitable for open-
lake disposal by the Federal Water Pollution Control Administration (now the
U. S. Environmental Protection Agency) and deposited in an upland disposal
site located about 3.5 miles south of Vermilion.

NEARSHORE WATER CIRCULATION

The nearshore Lake Erie currents near Vermilion are primarily influenced

by the wind, the bottom topography, and inflows from tributaries. The flow

in the Vermilion River is highly variatle, and in fact often reverses due to
small, short-term lake level fluctuations. Small changes (2 to 3 inches) in
lake level commonly occur in 15 to 30 minutes. An increase in lake level
stops river flow or pushes water upstream. Eventually, the river rises to a
level above the lake and forces flow out of the mouth.

Water from the Vermilion River is generally warmer than water from Lake

Erie and, therefore, floats over the lake water. This effect was documented

by Stanley Consultants and is shown in Figure 4.
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Figure 4 * EFFECT OF RIVER ENTERING THE LAKE

Lake Erie water was often found in the bottom few feet of water, 1,000
feet or more upstream of the mouth of the Vermilion River. This gradual
increase of colder lake water creates a "wedge" effect, the wedge being
highly variable and depending on river flow, lake currents, and temperature

effects. The resulting mixture of lake and river water creates a "plume" (an
area of influence) as it flows into the lake. It is the behavior of this
plume which is of importance.

It is readily apparent that the detached breakwater has to some degree
altered the currents and, therefore, the behaviour of the river plume. The
critical question is whether the breakwater has resulted in river water

reaching the beach areas or the municipal water supply intake more
frequently, or with less dispersion or dilution.

a. Winds

Wind direction closely parallels the surface lake current. Therefore, to
facilitate comparison of conditions before and after the construction of the

breakwater, significant wind classifications will be summarized and analyzed.

Three wind classifications have significant effect on currents:

* North through northwest winds - direction of storms and some light to
moderate winds.

* East through northeast winds - direction of storms and light to

moderate winds.

West through southwest winds - prevailing (35-40 percent) winds for

Vermilion.

A wind rose diagram for the nearest weather station at Lorain, OH is

shown in Figure 5. Each of the three groups contain conditions relative to

beach pollution and the quality of water intake.
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North Through Northwest - Wind from these directions vary widely in
intensity from severe storms to light moderate summer breezes. Photos I and
2 show the river plume movement under winds of 6 to 8 knots, and provides a
good comparison of the breakwater effect. It is apparent that the breakwater
has presented an obstruction to the plume, and prevents a portion of the
water from moving north. With the breakwater in place essentially all of the
river water remains in the vicinity of the beaches (Photo 2). However, even
before the breakwater, the majority of the river flow appeared to turn and
flow toward Logoons Beach (Photo 1). It is evident from this comparison of
Photos I and 2 that water from the Vermilion River is deflected toward the
beach areas with or without the breakwater for winds from the north through
northwest.

East Through Northeast. Wind from these directions ranges in intensity
from light summer breezes to severe storms. The passage of frontal systems
from these directions frequently results in winds of 13 to 17 knots for 2 to
3 days. Photos 3-5 provide a comparison of the pre and postbreaker con-
ditions for winds from the east through the northeast. Prior to the
construction of the breakwater, river water veered to the west as shown in
Photos 4 and 5. Stronger winds (Photo 5) force the plume more toward the

shore. Comparison of Photos 3 and 4 reveals that the breakwater inhibits the
northerly flow of the current, causing the river plume to veer more sharply
towards the west. It is apparent from the photos that the surface river
water moves toward the vicinity of the water intake under east through
northeast winds for both pre and post breakwater conditions.

West Through Southwest. Winds from these directions are the prevailing
winds. Photos 6 through 8 show the effect on the plume by these winds in pre
and postbreakwater periods. Photo 7 shows the Vermilion River water moving
essentially offshore (north) during moderate southwesterly winds. A com-
parison of Photos 7 and 8, taken during similar wind conditions, indicates
that the breakwater appears to force river water along the Lagoons and
Linwood swimming areas.

Field data was obtained during the summer of 1977 for several south-
westerly wind periods. From this data, it was discovered that the river
plume generally travels to the east along the shore. Water at a depth of 8
feet was observed to travel in the same direction as the surface water, but
at speeds of up to 50 percent lower than the surface water. Upwelling of the
deeper water occurs offshore of Lagoons and Linwood Beaches. This results in
increased dilution of the river water. Dye and conductivity tests verified
that significant dilution of river water occurs prior to reaching the
swimming areas.

b. Currents

Based on the studies performed by Stanley Consultants in 1977 and 1978,
the following conslusions regarding the general effects of the offshore
breakwater on currents on the vicinity have been drawn. Currents in Lake
Erie consist of very weak, natural flows of water through the Great Lakes
system, immeasurably slow because of the large cross section of the central
basin of the lake. Circulation is controlled by the wind, and reversals are

12
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common with wind shifts. The predominant surface water movement is eastward
due to prevailing winds, with the wind-driven currents achieving velocities
of up to 2 feet per second.

The preceding discussion of winds points out that the breakwater has had
measurable impacts on currents in the nearshore Vermilion area.

The effect of the breakwater is particularly evident during the pre-
vailing so,,thwest winds. River water is diverted toward the Lagoons and
Linwood Beaches particularly during light to moderate winds. Average speeds
of these currents indicates that the river water will reach the Lagoons Beach
swimming area in 60 to 90 minutes (somewhat less if river flow is high).
During this time, significant dilution and dispersion takes place.
Conductivity measurements taken during low to moderate river flow and south-
west winds showed a high range of mixing characteristics, due to variations
in river flow and wind conditions.

During light to moderate northeast wind conditions, the river water is
diverted and moves westerly, parallel to shore, and then toward shore under
the influence of the nearshore currenLs. This pattern results in river water
being transported to the vicinity of the water intake. (During strong winds,
river water would reach this area without the breakwater.) River water would
reach the intake in 30 to 60 minutes, however, conductivity measurements at
the intake failed to identify river water, indicating that high dilution was
occurring. Although high river flows with easterly winds were not encoun-
tered during the study period, it is expected that very high flows would pro-
duce a measurable river effect at the intake. The physical diversion of
water by the breakwater results in a more direct path to the intake with less
dilution and dispersion. No other significant effects of the breakwater on

currents under northeast wind conditions are apparent.

During north and northwest winds, the breakwater creates some diversion
of northerly flowing river discharge. However, onshore lake currents bring
the river water back to shore with or without the breakwater.

In conclusion, the breakwater has diverted river flow and altered current
patterns in varying degrees for a variety of environmental conditions.
Analysis of changes in current speeds has not been possible due to lack of
quantitative baseline data.
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EVALUATION OF IMPACTS
GENERAL

The most recent modifications to the small-boat harbor at Vermilion were
made in 1973. These modifications consisted of construction of a cellular
steel sheet pile detached breakwater about 300 feet offshore from the
lakeward eaids of the existing harbor piers, and additional harbor dredging.
Since the construction of the breakwater, public concern has been expressed
over the possible adverse impacts on the public welfare as a result of the
breakwater construction.

Seven possible adverse impacts attributable to the offshore breakwater
were identified and studied for this report. The following sections discuss
these impacts, present a summary of the analyses performed to evaluate the
effects of the breakwater on each, and provide the conclusions reached by
Buffalo District regarding the need for mitigation of these impacts.

2
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MUNICIPAL WATER SUPPLY

INTRODUCTION

Since completion of the offshore breakwater, Vermilion residents have
made complaints that the municipal water supply has been contaminated. These
complaints have indicated specific times when the water was bad, and also
expressed feelings that the general long-term quality has been lowered.
Color, turbidity, taste, and odor problems were mentioned. The purpose of
this Investigation is to determine what effects, if any, the offshore break-
water, completed in late 1973, has had on the quality of water at the munici-
pal intake. As shown on Figure 1, page 5, the intake structure is located
approximately 1,200 feet from shore, and 1,000 feet west of the piers, at a
depth of 7 feet below low water datum of 568.6 (International Great Lakes
Datum - 1955). The total water depth at the water intake is 11 feet below
low water datum.

The three primary factors affecting the quality of the municipal intake
are location of the ittake, water quality of the Vermilion River, and lake
currents.

WATER QUALITY

Water entering the Vermilion municipal intake is affected by the inter-
action of lake currents with Vermilion river flow and quality. During most
periods, the supply water is essentially Lake Erie water with little effect
from the river. During occasional high river flows, more turbid river water I
arrives at the intake.

The most severe water problems occurred in February 1975. The water
appeared "dirty" coming out of household taps but was perfectly safe,
according to the Erie County Board of Health. It has been reported by the
Ohio Environmental Protection Agency that the primary cause of the turbid
water in the distribution system involved operational difficulties at the
water treatment plan in response to the high turbidity of the intake water.
It is the incidence of the high turbidity water at the intake, however, that
is of importance to this study.

The most significant factor affecting the quality of water at the intake
is the location of the intake. Because the water intake is approximately
1,200 feet from shore at a depth of 7 feet below LWD, it is sufficiently
close enough to allow the quality of the river water to affect water quality,
both before and after construction of the breakwater.

Because of the location, water quality is dependent on the quality of
Vermilion River discharge, the quality of Lake Erie water, and the transport
and mixing of these two waters.
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Variations in both the seasons and weather produce an eifect upon water
quality at the intake. Analysis of water quality parameters measured at the
intake shows overturn and stratification periods which occur from the heating
and cooling of the lake. During overturn periods, turbidity and specific
conductivity of the intake waters increase due to resuspension of benthic
materials and mixing of deep and shallow waters. During summer stratifica-
tion, low turbidities and low specific conductivities prevail. 2uring
summer stratification, low turbidities and low specific conductivities prc
vail. During the summer months, the intake level is near the photic zone and
phytoplankton may affect intake water quality by increasing turbidities.
Some species of phytoplankton are also responsible for taste and odor
problems in water supplies.

During the winter, freezing near or around the intake may contribute to
changes in intake water quality. The effect of lake currents on river water
flow and dispersion is greatly reduced when ice cover is present.

Pollution affects the quality of the river water in the form of patho-
genic organisms. These pathogens originate from several sources, such as
undisinfected sewage effluent, wet weather sewer overflows, and small craft
sanitary discharges. Lake water, besides being affected by a similar set of
pollutant sources, also has the additional burden of industrial discharges
and resuspended bottom sediments.

Water quality standards for Lake Erie waters of the State of Ohio are
contained in Part 3745-1-11 of the Ohio Administrative Code. The following
general water quality standards apply to all surface waters of the State of
Ohio, including mixing zones. By Code, these water shall be:

a. Free from suspended solids or other substances that enter the waters
as a result of human activity and that will settle to form putrescent or
otherwise objectionable sludge deposits, or that will adversely affect
aquatic life;

b. Free from floating debris, oil, scum, and other floating materials
entering the waters as a result of human activity in amounts sufficient to be
unsightly or cause degradation;

c. Free from materials entering the waters as a result of human activity
producing color, odor, or other conditions in such a degree as to create a
nuisance;

d. Free from substances entering Lhe waters aa, a result of human
activity in concentrations that are toxic or harmful co human, animal, or
aquatic life and/or are rapidly lethal in the mixing zone;

e. Free from nutrients entering the waters as a result of human activity
in concentrations that create nuisance growth of aquatic weed and algae.

The primary source of pollutants that might affect the quality of water
around the municipal intake is the Vermilion River discharge. The parameters
analyzed to detect these pollutants were water temperature, specific

25



conducttvity, turbidity, and fecal coliforms. Water temperature was selected
as one of the parameters because river water is a few degrees warmer than
lake water. Specific conductivity, a measure of dissolved solids, is higher
for the river than the lake. Turbidity, a measure of suspended solids, was
analyzed because high turbidity rates have been associated with intake water
quality problems, as well as Federal drinking water standards. Fecal coli-
forms are analyzed because they are an indicator of pollution.

To determine how much, if any, of the fluctuation in the water quality
was due just to the lake, similar data were analyzed for Elyria, Ohio.
Elyria's intake, less than 10 miles east of Vermilion, has no breakwater nor
river discharge, sits about the same distance to the shore (1,100 feet), and
is slightly deeper (11 feet).

The quality data for Elyria exhibited significantly different values and
trends than did the Vermilion data, indicating that the Vermilion River does
indeed impact on the quality of Vermilion's municipal water supply.

A limited amount of Vermilion River water quality data for the period
1965 through 1977 were available for use by Stanley Consultants at the time
of their study. These data indicated that the primary source of pollution In
the river is runoff from upstream agricultural areas which add polluted
sediments to the river. Estimated annual sediment load in the river varies
from 36,000 tons t) 300,000 tons per year. The Federal drinking water stan-
dard is less than 4 colonies of fecal coliforms per 100 milliliters. The
data gathered indicated that fecal coliforms in the river were quite high at
200 to 1,000 colonies per 100 milliliters. In this instance, however, fecal
coliforms are a poor indicator of human pollution. Animals are responsible
for most of the fecal coliforms and values near the maximum range occurred
during rainfall-runoff events.

ANALYSIS OF WATER QUALITY

After reviewing the available data, turbidity was chosen as the clearest
indicator of quality fluctuations in the intake water. Turbidity is also the

parameter used for quality control within the water treatment plant. A graph
of average annual turbidity versus time for the Vermilion water intake is
presented on Figure 6. There is a period of high turbidity from 1972 through
1975 where the average annual turbidity is double that in the period 1964
through 1971. In 1976 and 1977, the average yearly turbidity dropped to
levels below those recorded prior to 1972. An analysis of specific conduc-
tivity data shows relatively stable readings for 1968 through 1971 and higher
specific conductivity for 1972 through 1975 corresponding to the high tur-
bidity period. Specific conductivity data for 1976 and 1977 at the intake
are not available.

Average yearly river flow is also shown on Figure 6. It is clear that
the river flow was appreciably higher uring the period of 1972-74,
corresponding to the highest turbidity period. This indicates that the river
has had a significant influence on intaki quality, both before and after the
breakwater.
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A comparison with average Lake Erie water levels was also made. The
highest average yearly lake levels also occurred during the period from 1972
to 1 p76, as indicated below (taken from NOAA - Hydrograph of monthly mean
levels of the Great Lakes).

Average Yearly
Year Lake Level (IGLD-1955)

1960 570.5
1961 570.6
1962 569.9
1963 569.4
1964 569.0
1965 569.0
1966 569.9
1967 570.4
1968 570.9
1969 571.5
1970 571.1
1971 571.3
1972 571.9
1973 572.7
1974 572.4
1975 572.2
1976 572.1
1977 571.2
1978 571.5
1979 571.6
1980 572.0

It is apparent that a general correlation between higher lake levels and
higher intake turbidities exist, indicating that high lake levels probably
cause nearshore lake water to be slightly more turbid. The simultaneous
occurrence of high lake levels with high average yearly river flows for
1972-1975 makes a separation of the magnitude of each effect very difficult.

A breakdown of average monthly turbidities for the period 1970-1977 is
shown in Table 1. As expected, turbidities are highest in the winter and
spring months. The same pattern of high values during 1972-1975 and a subse-
quent return to normal levels is shown for each month. Analyzing Table 1,
it appears there is a definite increase in turbidity and specific conduc-
tivity between 1972 and 1975. After 1975, the turbidity levels dropped to
their pre-1972 values. The increase in both turbidity and specific conduc-
tivity levels clearly began before the construction of the breakwater in
1973 and subsequently decreased to pre-1972 levels in 1976 and 1977.
Therefore, it is concluded that the breakwater was not the cause of the tur-
bidity increase.

Average water temperatures for January, February, and March for the
period 1968 to 1976 are given in Table 2.
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Table I - Average Monthly Turbilities at Vermilion Water Intake (1)

Average Turbility (JTU)
Month 1970 1971 : 1972 : 1973 : 1974:1975 : 1976 : 1977

January : 10 :41 60: 55: 99: 67: 24: 1

February : 43 : 68 23 : 55 77 : 131 : 52 : 13

March : 40 : 75 : 61 : 120 : 165 : 143 : 157 : 23

April : 60 : 66 : 101 : 113 : 182 : 123 : 43 : 21

May : 37 : 28 : 53 : 64 : 85 : 29 : 53 18

June : 38 :25 : 67: 72: 51: 13: 9: 20

July : 21: * : 36: 60: 40: 7: 7: 40

August : 12 :22 : 48: 43: 36: 8: 12: 11

September : 35 : 33 : 69 : 41 : 52 : 23 : 13 : 14

October : 25 : 36 : 71 : 76 : 39 : 35 : 11 : 13

November : 43 : 41 : 125 : 67 : 37 : 20 : 7 : 19

December : 78 : 59 : 104 : 76 : 102 : 35 : 3 : 55

Yearly : : : : :
Average 36 : 45 : 68 : 70 : 80 : 53 : 24 : 21

• No data available.

(1) Source: Stanley Consultants, April 1978 based on information provided
by the city of Vermilion.
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Table 2 - Average Monthly Water Temperatures - *C (1)

at the Water Intake

Winter Of December ." January February

1968-1969 . 3.9 1.6 2.2

1969-1970 2.5 1.9 2.5

1970-1971 3.5 1.4 1.2

1971-1972 4.6 2.5 1.1

1972-1973 3.0 1.7 1.5

* : - Breakwater Constructed -

1973-1974 4.1 2.0 1.8

1974-1975 2.7 1.8 1.9

1975-1976 : Insufficient Data -

(1) Stanley Consultants, April 1978 from data provided by the city of
Vermilion.
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As can be seen, the temperatures vary from year to year and follow no
long-term trend either before or after the construction of the breakwater.
In the case of Vermilion Harbor, it can therefore be assumed that temperature
of the river water has no distinguishable effect on water quality.

The problems that have occurred with the Vermilion water supply have not
been related to any trend, but rather are infrequent events when water of
high solids content enters the intake and the necessary operational actions
are not taken at the treatment plant to eliminate these solids from the
supply. Considering all factors, data for several specific instances where
high turbidity occurred were analyzed to see if short-term differences in
water quality at the intake could be discerned between pre- and post-
breakwater conditions. These data indicate that poor water quality at the
water intake occurred both before and after breakwater construction. Such
periods correlate well with high river flows, indicating that the Vermilion
River is a significant source of the water quality problem at the water
intake.

As stated earlier in this report, prior to construction of the breakwater
in 1973, high river flows entering the lake would generally form a large
plume off the harbor mouth. Open-lake currents would then deflect and
transport the river water, but the area of primary influence would be
expected to remain at least 500 to 1,000 feet offshore of the river mouth,
except under heavy (15 mph) easterly or northerly winds. With the break-
water, however, the discharge plume is deflected east or west dependent upon
wind direction and some of the water flows into the vicinity of the intake
before it is incorporated into the lake currents. Therefore, it does appear
that the breakwater does cause significant lowering of water quality at the
water intake during high river flow periods under certain wind conditions.
However, if appropriate operational actions are taken at the treatment plant
to eliminate the pollutants, the quality of the water supplied to the city of
Vermilion is acceptable for consumptive purposes.

CONCLUSIONS ON THE EFFECT OF THE BREAKWATER ON WATER QUALITY AT THE INTAKE
AND ON VERMILION WATER SUPPLY

Based on analysis of all available data, it is concluded that:

a. The breakwater has not had a significant impact on overall long-term
water quality at the intake, as evidenced by the turbidity data.

b. Analysis of four specific short-term periods of poor water quality
indicates that the Vermilion River is the cause of these occurrences, but
conclusive evidence regarding the impact of the breakwaters is not available.

c. The breakwater has altered the patterns of dispersion of river water
into Lake Erie. Under certain wind, flow, and/or ice conditions, the con-
centration of river water reaching the intake is increased, while under other
conditions, river water influence on the intake is reduced. Conclusive data
substantiating the relative frequency or intensity of these situations is not
available.
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d. The overall adverse impacts of the breakwater on the quality of the
water supplied to Vermilion are not considered to be critical for the
following reasons:

(1) The adverse effects on intake water quality occur only occasionally,
and the breakwater's degree of responsibility is not conclusively known.

(2) The water has always been safe to drink. The Federal drinking water
standards are consistently met.

(3) Efficient water treatment plant operation can effectively remove the
impurities (mostly silt).

e. The location of the intake is such that it is susceptible to fluc-
tuations in water quality that may affect color, taste, and odor, with or
without the breakwater.

Therefore, it is concluded that mitigation of the impact of the break-
water on the municipal water supply is unnecessary.

RECOMMENDATION

Based on the conclusions reached, it is recommended that no further study
of the impact of the breakwater on the municipal water supply be made.
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SWIMMING AREAS AND BEACHES

INTRODUCTION

Pollution at Vermilion beaches has been a public concern for many years
due to periodic closings and warnings. Since late 1973, when the breakwater
was completed, some Vermilion residents have expressed the opinion that water
quality at recreational swimming areas has been degraded by the deflection of
river water toward Vermilion City Beach, Lagoons Beach, and Linwood Beach.
The location of these beaches relative to the Federal project is shown on
Figure 7.

The purpose of this section is to present the results of the Corps study
to determine if the detached breakwater has had a significant impact on the
quality in these swimming areas.

WATER QUALITY AT VERMILION BEACHES

Factors Affecting Water Quality

As stated before, water quality in Vermilion Harbor is dependent upon
several factors: the quality of Lake Erie water, the quality of Vermilion
River water, and the transport and mixing phenomena of the nearshore
currents.

An assortment of pollution sources exists in the Vermilion River
watershed, leading to poor quality in the Vermilion River. The most signifi-
cant source of pollution in the river is agricultural runoff from upstream
lands.

Previous analysis of current patterns has shown that the breakwater
effect is the greatest for moderate winds from the west through southwest
quadrant with deflection of the river plume to the eastern beaches.

Water Quality Data and Standards

Water quality data has been collected at Vermilion and Lagoons Beaches by
the Erie County Department of Health on an average of once a week. Of the
data collected, the most important and regularly measured parameter is fecal
coliform. Coliform organisms are harmless bacteria which are indicators of
bacteria and other viruses that may be harmful to humans. Besides these data,
Stanley Consultants collected samples at both the river and the beaches in
the summer of 1977 for analysis of suspended solids, turbidity, fecal coll-
forms, and conductivity.

.C The State of Ohio water quality standards for contact recreation
(EP-1, 1975) require that mean fecal colifirm content shall not exceed 200
per 100 ml. In addition, not more than 10 percent of the samples shall
exceed 400 per 100 ml. The standards are stated in greater detail in the
section of this report titled, "Municipal Water Quality." If any three
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successive weekly samples taken by the Erie County Department of Health

exceed the 200 colonies per 100 ml, the beach is posted as unsafe.

Pollution Trends and Analysis

Fecal coliform data collected between 1971 and 1977 for Vermilion City
Beach and Lagoons Beach are summarized in Tables 3 and 4. The locations of
the sampling sites are shown on Figure 7. The Erie County Health Department
has indicated that 200 colonies per 100 ml is the State standard for contact
recreation. The beaches are posted as unsafe if three successive weekly
samples show greater than 200 colonies per 100 ml. Figure 8 shows the per-
cent of the water samples in which fecal coliforms have been in excess of
this amount for each year of data. The graph shows that relatively clean
water was enjoyed in 1975 and 1976, particularly at Lagoons Beach, and that a
higher incidence of polluted conditions occurred in 1977. As can be seen
from these tables and Figure 8, there is no discernible trend in the coliform
count during the summer months, either before or after the breakwater was
constructed.

Fecal coliform data for the river is of particular interest since corre-
lation with beach data would be helpful in evaluating causes of beach
problems. Unfortunately, the data cited above indicates that fecal coliform
in the river is highly variable with no discernible historical summer trend.
The data indicates that coliforms are high (from 200 to several thousand) in
the river during the summer months. No correlation with high beach values is
therefore possible. The conclusion is that river water is generally a poten-
tial pollutant to swimming areas and is likely to have adverse effects when-
ever it is transported to the vicinity without significant dilution.

Tables 5 and 6 below list the violations (coliform count greater
than 200 colonies per 100 ml) that have been recorded for Vermilion City
Beach (1971 through 1977) and Lagoons Beach (1973 through 1977). As can be
seen from Tables 5 and 6, violations of the standard have occurred on a
number of occasions, both before and after construction of the breakwater in
1973. These data also indicate that the violations are much more numerous to
the west at Vermilion City Beach than to the east at Lagoons Beach. Also,
periods of water quality degradation occurred during a wide range of
Vermilion River flows, revealing no high correlation between river flow and
poor water quality at the beaches although the swimming areas to the east may
be more adversely affected for high river flows than during low flow periods
since less dilution will occur during high flow periods. An example sup-
porting this thesis is the high flow period in early July 1977 which preceded
a 2-week period of poor water quality. For periods both before and after the
breakwater, over 70 percent of the violations at both locations occurred when
the winds were from the south to west. During those times, the amount of
turbidity and floating debris also increased, possibly from resuspension of

rbottom sediments.

35



Table 3 - Summary of Fecal Coliform Data (2)
City Beach

: No. : Std. : No. greater
Year : Samples : Maximum : Mean Dev. : than 200

: :(No./100 ml) (No./100 ml)

1971 18 624 84 142 1

1972 : 26 1,800 261 401 8

1973 41 : 1,560 179 284 10

1974 21 : 660 : 200 205 : 11

1975 : 26 : >1,000 180 (1) : 255 . 7

1976 21 566 : 96 : 128 3

1977 10 2,600 : 479 : 919 2

(1) Too numerous to count values.
(2) Stanley Consultants, April 1978.

Table 4 - Summary of Fecal Coliform Data (1)

Lagoons Beach

: No. : : : Std. : No. greater
Year : Samples Maximum : Mean : Dev. : than 200

:(No./100 ml) (No./1O0 ml):

1973: 11 520 146 160 4

1974 : 7 : 560 131 196 1

1975: 13 : 160 48 : 52 : 0

1976: 12 730 91 : 202 1

1977 : 20: 2,400 341 725 5

(1) Stanley Consultants, April 1978.
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Table 5 - Summary of Coliform Violations Between 1971 and 1977 (1)
Vermilion City Beach

Average Daily
Fecal Wind River

Date Coliform :Direction Speed Discharge
: (mph) (cfs)

30 June 71 624 200* 5 12

17 May 72 210 10 : 7 488

1Jun 72 270 2300 10 65

12 Jun 72 430 220 °  10 21

24 Jul 72 360 250* 13 57

21 Aug 72 615 240* 10 100

28 Aug 72 1,120 220 5 68

18 Sep 72 1,800 1800 11 1,350

13 May 73 370 310 °  6 300

20 May 73 360 400 10 193

23 May 73 336 3600 9 548

3 Jun 73 300 1600 8 143

17 Jun 73 1,560 calm -- 1,810

20 Jun 73 250 2400 12 382

27 Jun 73 250 1900 12 101

27 Jun 73 440 190 : 12 101

6 Jul 73 920 2300 6 267

8 Jul 73 265 230' 12 81

11Jul 73 300 40' 15 202
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Table 5 - Summary of Coliform Violations Between 1971 and 1977 (1)
Vermilion City Beach (Cont'd)

Average Daily
Fecal Wind River

Date Coliform :Direction Speed Discharge
(mph) (cfs)

BREAKWATER CONSTRUCTION COMPLETED

13 May 74 340 3000 10 : 1,240

3 Jun 74 220 2700 8 : 127

17 Jun 74 <600 1700 10 42

24 Jun 74 210 3600 10 . 120

1Jul 74 560 3100 10 409

30 Jul 74 220 260 : 12 6.6

2 Aug 74 250 180* 12 . 4.6

5 Aug 74 360 300 : 9 : 8.7

11 Aug 74 230 170* 14 : 86

19 Aug 74 220 220 : 6 : 60

19 Aug 74 660 2200 6 . 60

2 Jun 75 240 330 : 6 : 85

16 Jun 75 TNTC 2500 10 198

16 Jun 75 280 2500 10 198

21Jul 75 TNTC 3000 10 . 20

18 Aug 75 220 330 : 9 : 14

25 Aug 75 226 220* 11 20

26 Aug 75 250 310 : 8 . 49

28 Jun 76 260 340 : 8 : 27

6 Jul 77 2,600 260 : 14 2,060

13 Jul 77 1,767 270 : 13 : 76

TNTC - Too numerous to count.
(1) Stanley Consultants, April 1978.
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Table 6 - Summary of Coliform Violations Between 1973 and 1977 (1)
Lagoons Beach

Average Daily
Fecal Wind River

Date Coliformn :Direction Speed Discharge
(mph) (cfs)

6 Jul 73 520 230 : 6 267

12 Jul 73 236 2400 8 171

24 Jul 73 220 160* 6 130

2 Aug 73 310 2700 6 21

BREAKWATER CONSTRUCTION COMPLETED

22 Jul 74 560 calm : :6.9

21 Jun 76 730 calm -- 15

26 May 77 500 60 : 15 20

6 Jul 77 2,400 2600 14 2,060

13 Jul 77 631 270 : 13 76

19 Jul 77 350 220* 6-10 84

8 Sep 77 2,400 30°  12 810

(1) Stanley Consultants, April 1978.
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CONCLUSIONS REACHED BY STANLEY CONSULTANTS

Based on the results of its investigation, Stanley Consultants reached
the following conclusions regarding the effect of the detached breakwater on
adjacent beaches:

a. The breakwater has no significant effect on Vermilion City Beach.

b. The breakwater diverts river water to Lagoons Beach and Linwood Beach
during south and west wind conditions. This results in an adverse impact on
these beach areas. Based on available water quality data, this effect does
not appear to have significantly changed water quality from a public health
standpoint (bacteria). However, the movement of turbid river water and
floating debris along the beaches has been cited by the public and observed
during the study. These conditions are detrimental to the use of the beaches
and have resulted in violation of State water quality standards at the
recreational swimming areas.

c. The Lagoons and Linwood swimming areas are not significantly affected
by the breakwater during other wind conditions.

On this basis, Stanley Consultants ". . recommended that mitigation
measures to reduce pollution of the Lagoons and Linwood recreational swimming
areas be considered."

BUFFALO DISTRICT'S REVIEW AND SUBSEQUENT ACTIONS

In reviewing and evaluating Stanley Consultants recommendation to reduce
pollution on the eastern beaches (Lagoons and Linwood), the Buffalo District
concluded that further study to quantify the severity of the breakwater
impact was required prior to reaching a conclusion on the need for mitiga-
tion. Therefore, Stanley's contract was modified to include a discussion of
available methods to quantify the breakwater inmpact and an evaluation of the
reliability of these methods. A summary discussion of this work by Stanley
Consultants follows.

Both physical and mathematical modeling were considered as possible
methods to quantify the breakwater effects. To obtain data for existing con-
ditions, an extensive sampling program would be required. The data from this
sampling program would be needed to calibrate and verify both the physical
and mathematical models. Stanley Consultants, however, concluded that
serious limitations preclude using a physical model, and that simplifying
assumptions required in math modeling could limit the accuracy of results.
Because of these limitations and the subjectiveness of any decision on miti-
gating the breakwater impact, Stanley concluded that the decision should be
based on the results of the previous study and an analysis of costs, bene-
fits, and other impacts that would mitigate beach pollution.

The Buffalo District agreed with this evaluation of the need for and
reliability of modeling studies and concluded that the basis for mitigation
should be based on tangible quantifiable recreational damages caused by the
breakwater. The yardstick selected was the number of times that the eastern
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beaches had been posted as unsafe since the breakwater construction in 1973.
An assumption would be made that all such postings since 1973 were caused by
the breakwater, and recreational damages would be based on projected utili-
zation loss for these periods.

From 1970 "> 1980, the State of Ohio and the Erie County Department of
Health collected fecal coliform data at beaches in the Vermilion area.
Table 7 provides a summary of the available dat& for the three beaches in
question. An analysis of the data reveals that Vermilion City Beach has been
posted six times, all post-breakwater. Neither Linwood nor Lagoons Beach
have been posted during the period of record.

Although pollution problems at Vermilion City Beach appear to stem from
sources other than the Vermilion River, the same cannot be said for the
Lagoons and Linwood Beaches. Under certain wind conditions, particularly
westerly and southwesterly winds, dirtier Vermilion River water is diverted
by the breakwater to these beaches. Although this appears to happen more
under post-breakwater conditions, it has not resulted in enough of a water
quality problem at the beaches to have them posted as "unsafe" by the Erie
County Department of Health.

DISTRICT'S CONCLUSION ON MITIGATION OF BEACH POLLUTION

The Buffalo District concludes that although the breakwater does deflect
the river discharge to Lagoons and Linwood Beaches for west to south wind
conditions, as well as increasing turbidity and debris, there does not appear
to be a significant change in the water quality from a public health stand-
point. No instances of "unsafe" postings for public health or turbidity and
floating debris have been recorded since construction of the breakwater, so
there has been no quantifiable recreational damages caused by the breakwater.
Therefore, the District concluded that mitigation of the impact of the break-
water on beach pollution is not required, and should not be considered
further.

4)
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ICE JAM FLOODING

INTRODUCTION

The formation and behavior of ice is of great significance in small-boat
harbors throughout the Great Lakes. In the Vermilion River, the severest
problem associated with ice is the potential for ice jams and subsequent
flooding. The impact of the detached breakwater at Vermilion harbor on ice
formation and jamming in the river and lake channels was evaluated by Stanley
Consultants in 1977 and 1978. Stanley Consultants concluded (April 1978
report) that, with the breakwater, the probability for ice jams has been
reduced because windrowing no longer occurs at the pier ends as it did before
breakwater construction. However, Stanley did note that under certain
conditions, icebreaking operations by the Coast Guard might not be possible
with the breakwater. Therefore, Stanley recommended that additional con-
sideration be given to mitigation of navigation problems related to
icebreaking operations by the Coast Guard's Cutter KAW which is a 110-foot
vessel. As a result, the Buffalo District awarded a contract to Tetra Tech
Inc. in the summer of 1979 to evaluate certain modifications for improving
access of the Coast Guard's 110-foot cutters to Vermilion Harbor for
icebreaking operations. Appendix B, is Tetra Tech's July 1980 report on the
study of possible harbor modifications for icebreaking purposes.

This section melds these two reports into a comprehensive summary of the
ice jam problem and the conclusions reached by Buffalo District regarding the
need for mitigation.

ICE PHENOMENA

Ice Formation

The behavior of ice in a river-lake interface situation depends upon the
complex interaction of many physical factors. For this reason, ice con-
ditions around Vermilion often differ significantly from year to year, and
even during any given winter. During initial ice formation, the following
are significant:

" Air and water temperature.

" River currents and rainfall.

" Wind and resulting lake currents.

Formation of ice is a direct result of low air temperature lowering the
water temperature of the lake and river. The cooling process in a slowly
moving river or lake may be divided into two phases. First, low temperatures
and strong winds combine to cool the surface water, causing it to sink.
Vertical mixing is thereby induced, and the entire water body must be cooled
until it reaches 39, the temperature of maximum density. Once this uniform
temperature exists, conditions are conducive to formation of ice. The exact
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time or conditions for ice formation depends on many factors other than
temperature, including wind, waves, water currents, water depth, and shore-
line configuration.

In Phase 2, surface water is further cooled below 39, but remains3lighter than the water below. Wind and water currents create vertical
motion, and bring up heat from the depths where the water is still close to
39% This retards the freezing process. For this reason, cold calm weather
is more favorable to ice formation than windy conditions or times of high
river discharge.

a. Lak. Ice Formation

The nearshore lake at Vermilion freezes when temperature and other clima-
tological conditions permit the above cooling process to occur. The top
layer of water eventually drops well below the freezing point, and ice plates
form. The situation is further complicated, however, by the influence of the
Vermilion River, particularly in the area around the breakwater. River flows
hinder ice formation in the vicinity of the river mouth, and can break up
newly formed sheets. Waves on Lake Erie also cause new ice to break up and
refreeze.

During an average winter, the nearshore lake is ice covered for three to
five weeks although a side variation from "normal" may exist for any given
year. For nearshore Lake Erie in the vicinity of Vermilion, Figure 9 shows
the probability range that ice cover will exist. The upper and lower limits
of the curve are based on the range of probability that ice cover exists on
any given day. From Figure 9 it is seen that there is a high probability (75
percent to 98 percent chance) that ice cover will exist in February of any
given year.

b. River Ice Formation

In the Vermilion River, ice formation is dependent upon two distinct
processes. The first involves the phenomena of frazil ice production, while
the second might be termed shore ice growth.

Frazil ice crystals form in supercooled (below freezing) turbulent
waterways, and have the appearance of small circular plates, ice pans, slush,
or porous flocs (Figure 10). Initially, nucleation of the crystal occurs
around either a small foreign particle or by a chance orientation of water
particles to form the crystalline structures of ice. In contrast to the
freezing of droplets and quiet water, which occurs at temperatures many
degrees below freezing, frazil crystals form in water only slightly under 320F.
Frazil ice grows quickly due to the rapid production rate and a continuous
splitting of growing ice flocs. Eventually, the frazil particles evolve into
ice flows, freeze together, and create the ice cover on a river. The ice
cover insulates the river, and retards further frazil formation.

Shore ice is the first type of ice to appear in laminar flow areas near
the shore of a river. Ice is nucleated at the bank, which is colder than the
water, and then grows toward the middle (Figure 10, Photo d). During the
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growth process, frazil flocs in the river can become attached to the shore
ice, accelerating the development of an ice cover. Because the shore ice
process is slow compared to frazil evolution, it takes a long time to cover
large or rapidly flowing rivers. Shore ice growth is dominant, however, in
small rivers and brooks.

The Vermilion River freeze-up may be dominated by either shore ice growth
or frazil production, depending on the relationship between river flow and
water temperature. Low flow during very cold periods is conducive to shore
ice growth, whereas significant river flod enhances frazil production, even
if water temperature is higher.

In the harbor mouth area, between the breakwater and pier ends, sheet ice
may form as in a relatively quiet lake, or the frazil and shore ice processes
typical in rivers may dominate. The critical factor again is water velocity
and associated turbulence. Unfortunately, the complex interaction of lake
currents and very unsteady, pulsing river flow (due to lake level variations)
make analytical evaluation of the turbulence difficult. In addition, the
relationships between flow velocity and ice formation and growth are not
completely understood, and accurate prediction of ice conditions at the har-
bor mouth is not possible.

Conditions in a normal Vermilion winter include fairly continuous cold
temperatures, limited snow, and low river flow. An analysis of data for the
Vermilion River indicates that velocities in the river are less than 0.3 feet
per second 95 percent of the time. Under these low velocity conditions,
shore ice grows from the banks and other appurtenances, while frazil ice or
sheet ice may form in mid-channel, eventually forming a solid ice cover in
the river. "Shore" ice also develops at the pier ends and at the breakwater.
The area between piers and breakwater generally freezes solid as sheet ice.

Ice Growth, Transport, and Distribution

The formation of an ice cover is only the first step in the development
of ice conditions in a harbor. Wind, lake currents and waves, and river flow
combine with water temperature to determine the specific ice situation.

During the growth process, hydraulic forces fracture weaker ice areas and
transport the resulting ice blocks or sheets, which in turn can refreeze in
other locations depending upon prevailing temperatures. Hydraulic forces of
significance include water forces (currents), wave forces, and wind forces.

Water and wave forces may break up fast ice, primarily through vertical
lifting; and the drift ice (blocks or floes) is then transported until an
obstruction or other ice barrier is met. Ice blocks impinging on fast ice in
this manner may be submerged under or pile on top of the stable ice, thus
adding to the thickness.

At

Wind plays a very significant role in moving ice broken by water forces.
Of particular significance to this study is the piling up of drifting masses
of lake ice pushed against the shore or against fast ice by the wind. The
resulting "windrows" consist of a jumbled mass of ice blocks and sheets, and
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will continue to grow as long as the wind persists. Photograph 9, on page
50, shows windrowed ice lakeward of the breakwater on 30 January 1978.
Windrows normally form in water 4 to 8 feet deep and are reported to have
reached 10 to 15 feet or higher near the mouth of the harbor both before and
after construction of the breakwater. Once the wind dies, the ice blocks are
forced downward by gravity and spread out. Windrows will therefore decay
unless they are tightly packed or have been cemented in place by refreezing.

The locations of these windrows have a significant effect on spring ice
flow out of the river and on icebreaking operations. The offshore breakwater
at Vermilion has eliminated windrows at the harbor mouth, but windrows can
now form in the lake approach channels.

Generally, the river and channel area becomes solidly frozen sometime in
early January. From this time on, the primary movement of ice is in the
lake, where continuous breaking up and transporting of blocks with the winds
avpd currents takes place. Photograph 10, taken 25 January 1962, long before
breakwater construction, shows fast ice in the river, an open area in the
harbor entrance channel, and the piling up of ice floes along the shore at a
water depth of about 6 to 8 feet. During most winters, the entire nearshore

DIRECTION OF ICE MOVEM£

, A.

Photo I 0 PHOTOGRAPH SHOWING ICE MOVEMENT AT VERMILION (Jan. 25, 1962)
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WINDROW ICE ON NORTH FACE OF THE BREAKWATER (Jan. 30, 1978)

q4

DETAIL OF WINDROW ICE (Jan. 30, 1978)

Photo 9 WINDROW ICE AT VERMILION BREAKWATER
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lake area becomes frozen, and windrows may form significant "walls" near the
harbor mouth. This situation exists until a prolonged period of high tem-
peratures creates a thaw of the river. This usually occurs in mid to late
February, although January thaws are not uncommon. When early thaws occur,
an ice cover is often reestablished when colder temperatures return.

Ice Breakup

The process of ice breakup is initiated by high temperatures and/or rain-
fall melting and weakening the ice. Ice is broken by the hydraulic force of
the river into blocks and sheets, which flow with the river currents until
they reach the open lake or get stuck on some obstacle. It is when these
flow obstructions are encountered that the danger of ice jams arises. Ice
frequently jams at the many obstacles, channel constrictions, and bends
present in the Vermilion River. The duration of the jams is highly variable,
depending on ice size and strength and river flow. Eventually, jams in the
upstream areas break free and the ice rushes through the harbor area toward
the lake. The most desirable situation, obviously, is when the ice flows
unhindered out the harbor channel and into the open lake. However, this
rarely occurs without considerable human effort.

When the river breaks up, the lake is normally still frozen near the
shoreline. Windrows along the shore often do not completely thaw until late
April. Ice flowing down the river therefore may form a jam where it meets
the lake ice unless a path to open water is provided. Icebreakers have
generally been employed to clear this path both prior to and since construc-
tion of the breakwater. Icebreaking operations at Vermilion have included a
small City icebreaker, steel-hulled fishing boats, a 60-foot tug, and
assistance by the U.S. Coast Guard's 110-foot Icebreaker "KAW." In addition,
blasting has been used to hasten ice breakup.

Ice Jams

Ice jams can form at various critical points along the river channel.
The basic requirements for formation of an ice jam include:

• A large discharge of frazil or fragmented solid ice,

• An obstacle which impedes the downstream passage of the ice
including:

- Channel constrictions such as bends, abutments, piers, shoals, or flow
regulating structures.

- Ice frozen fast to the shore or river bottom (anchor ice).

Lake ice driven to a river mouth by wind, where it becomes grounded.

- An abrupt decrease in stream slope, which reduces velocity.

In the winding Vermilion River, channel constrictions and the previously
discussed lake ice barrier are particularly important. Figure 11 shows the
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location of such areas where significant ice jam potential exists. The for-
mation and evolution of a typical jam can be divided into three phases:

* Jam initiation, when floating ice floes encounter an obstacle and form
an ice "bridge" across the stream.

* Jam growth, both in length and thickness, when arriving flows are
arrested at the upstream edge of the ice cover; a schematic representation of
the growth of a jam is shown on Figure 12.

• Jam collapse by internal failure, due to exceeding of the compressive
and shear strengths of the ice covcr. Often icebreaking efforts are required
to break the jam.

The length and thickness of an ice jam is determined by the supply of ice
moving down the river and the velocity of the stream. As the jam thickens,
the cross section area of the stream decreases, thus limiting the flow of
water that can pass. The water level behind the jam then rises, and flooding
may result.

a. Types of Ice Jams

There are essentially two types of ice Jams (Figure 13). Simple Jams are
caused by regular accumulation of ice floes at a solid ice cover. The jam
thickens, but water continues to flow under the accumulation. The water
level rises slowly upstream because the jam has reduced the river flow capac-
ity. These Jams occur frequently, and may be destroyed by river discharge
or the momentum of large floes. "Dry ice Jams," however, may occur in
irregular river beds or at a large obstacle. The jam completely blocks the
flow ection and water backs up rapidly, depending on the amount of flow,
creating hazardous flood conditions. Photograph 11, following, shows a typi-
cal ice jam in the Vermilion River.

b. Evaluation of Ice Jams

The state of the art for evaluating and predicting ice Jams is not well
advanced. Dry ice Jams depend upon a fortuitous orientation of ice blocks at
an obstacle. Analytical research has been centered on predicting growth and
strength of simple ice Jams, but most investigations have relied upon signif-
icant simplifications that limit applicability to actual situations.
Quantitative methods are not yet available to predict the occurrence or
severity of Jams.

Numerous observations have been made of Jams, and the critical hydrologic
and climatic factors are understood. It is therefore possible to determine
in general terms what conditions are likely to result in Jams and related
flooding. The four relevant factors are:

Winter Ice Conditions - Varieties of ice conditions are possible

depending upon the water temperature and flow history of the river. Of par-
ticular importance is the variation in thickness of the ice cover. If the
ice is of uniform thickness throughout the stream length, chances are better
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Photo I I ° TYPICAL ICE JAM ON VERMILION HARBOR (March, 1963)

that it will break up uniformly. If however, certain areas are significantly
thicker, these will still be strong when upstream breakup occurs and may
catch the flow of ice as it moves downstream. Long, cold winters with
limited snow cover create the thickest ice; early winter thaws may form par-
tial jams which refreeze in place, creating areas of significantly thicker
ice. These spots are then potential barriers and may cause severe ice jams
during the main spring breakup. Ice formation may also occur in such a way
that significant quantities of frazil ice are formed and deposited on the
underside of the ice cover, which hinders passage of ice and water during
breakup.

. Water Discharge at Breakup - An early large spring flood will cause the
worst jams in a river because the ice is broken while it is relatively
strong. Stronger ice blocks create larger, more stable jams. Rainfall on
frozen ground results in more runoff, creating high river flows. These
flows, along with the larger jams, may result in serious flooding. A late
flood will move decayed ice more easily and the resulting jams will be
weaker. A rapid melt will also increase river flow and improve the probabil-
ity of jamming by creating a large influx of ice.

; Hxdraulic Features - As mentioned previously, sharp bends, narrows,
natural or man-made abutments, and shoals are prime areas conducive to ice
jams.

Wind and Currents - The wind and lake currents at the mouth of the har-
bor have an effect on windrow formation. Northerly winds create the most
hazardous conditions by piling ice up at the mouth, whereas southerly winds
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assist the ice in moving out of the harbor to the open lake. In the river
itself, winds also play a role in the transport and distribution of ice
blocks.

EVALUATION OF BREAKWATER IMPACT ON ICE JAM FLOODING

As discussed previously, ice formation is primarily dependent upon water
temperature, and influenced by the thermal and hydraulic effects of currents
and waves. By design, the offshore breakwater has some impact on the waves
and currents at the harbor mouth. Wave action is reduced in the shadow area
between the breakwater and piers, and currents have been deflected by the
structure.

In the river channel (area south of pier ends), ice formation proceeds as
a function of water temperature and water motion. The effect of the break-
water on currents in the Vermilion River was analyzed through the use of a
computer model (HEC-2). Separate analyses were conducted for several river
flows and a high, average, and low lake level elevation. The maximum change
in computed average river velocity occurred at the lowest lake level. The
results are summarized in Table 8.

Table 8 -Maximum Breakwater Effect on River Velocity
Lake Erie Level - 568.0 (IGLD) (1)

Maximum Reduction in Velocity
River Discharge Average Velocity Due to Breakwater

(cfs) (fps) (fps) M

500 0.34 <0.001 <0.1

1,000 0.68 <0.001 <0.1

3,000 2.04 0.004 0.2

14,000 9.52 0.078 0.8

(1) Stanley Consultants, April 1978.

The effect of the breakwater will decrease further at flows below 500
cfs. The flow of the Vermilion River averages about 240 cfs, and is less
than 3,000 cfs 99 percent of the time.

It is concluded that the breakwater does not have a significant effect on
currents in the Vermilion River. Therefore, the formation of ice in the
river is the same as before breakwater construction. The only factor changed
is the waves and surge present in the harbor. The reduction in waves and
surge that the breakwater has provided could result in a slight reduction in
the breakup and refreezing of the river ice. This would tend to make the ice
cover more uniform. It must be remembered, however, that river currents and
wind waves within the harbor still can cause breakup of newly formed ice
sheets.
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Ice borings in February 1977 to determine the ice thickness in the river
and shoreward of the breakwater. The results are shown on Figure 14. The
thickness is remarkably consistent at 1.5 to 2 feet throughout the channel
area. Whether this uniformity is due in part to the reduction in waves and
surge provided by the breakwater is impossible to ascertain, since
no data prior to breakwater construction are available.

The only ways in which the breakwater can have a significant impact on
the growth and transport of ice are:

" Alteration of the river and lake currents.

• Creation of an additional barrier at which ice may collect.

It has been shown that the breakwater has not significantly affected
river currents. Waves and surge have been reduced, thus limiting new ice
breakup and encouraging uniformity of the ice cover in the river. The
thickness data supports this concept. The logical conclusion is that the
breakwater has not had a significant effect on transport in the river channel
since the critical factors (river currents and wind) have not been affected.

In the area between the breakwater and the ends of the piers the break-
water has reduced wave action thus reducing breakup and refreezing of ice
sheets. This quieting of the water will enhance initial formation but will
retard the thickening process. The current patterns in this area have become
more irregular as turbulent eddies are created by the breakwater. The effect
on ice formation of these instantaneous current variations is impossible to
predict. However, the thickness data does indicate that no buildup of
thicker ice occurs in the lake channel area. This area has sheet ice with
only minor piling up on the south side of the breakwater. Photo 12,
illustrates this condition. The conclusion that can be drawn is that the
breakwater has not caused thicker ice formations in the area between the
breakwater and the ends of the piers, and in fact has probably reduced the
ice buildup in this area. This conclusion is substantiated by a comparison
of Photo 9, taken on the same day.

Therefore, in the area around and between the breakwater and the pier
ends, the structure has had significant effects on the distribution of ice.
The breakwater now presents a physical obstruction to lake ice moving toward
the south shore and to a lesser extent ice moving parallel to the shore.
Prior to the breakwater, ice was free to move unhindered in the area offshore
of the piers (Photograph 10). The distribution of ice packs and windrows
formed by the moving ice depended upon the wind and current conditions.
Northerly winds tended to pile up windrows at the pier ends and parallel to
the shore, while southerly winds transported ice away from the harbor mouth.
East or west winds pushed ice against the piers or the fast ice adjacent to
the piers. With the breakwater in place, northerly winds pile up windrows at
the breakwater (Photograph 9) and east and west winds drive packs against
the fast ice in the lake approach channels inside the breakwater. Figure 15
shows the generalized patterns of ice before and after the breakwater
construction.
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Photo 1 2 - SHEET ICE BETWEEN BREAKWATER AND PIERS (Jan. 30, 1978)
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The potential for ice jams and subsequent flooding has long been a
problem at Vermilion. Jams may occur either in the river itself, or near the
river mouth, as indicated in Figure 11. Jams in the river are caused when
ice floes encounter an obstacle or constriction and form a bridge across the
river, upon which additional flors accumulate. The critical factors of river
flow, channel dimensions and constrictions, ice thickness and ice strength
are not affected by the breakwater. The breakwater therefore, does not have
a significant impact on the potential for jams in the river channel south of
Erie Lagoon.

During some winters, the area between the breakwater and pier ends is
still solid sheet ice when the river thaws. This represents the most hazard-
ous ice situation. The flowing ice then hits the fast ice at the pier ends
and a jam is initiated between the piers. The breakwater, with fast ice to
the piers, effectively catches pack ice driven by easterly winds, creating
conditions suitable for windrow formation in the east lake approach channel.

An additional factor influencing ice jam development and subsequent water
level rise is the depth of water. If shallow water is present, the ice jam
may reach the bottom, creating a "dry jam" (Figure 13) that completely blocks
the river flow. This situation may result in serious flooding. The problem
of ice jamming was considered in the design of the 1973 harbor improvements.
The river channel was dredged to a depth of 8 feet from Huron Street to
Liberty Street, as shown on Figure 1. Also observed was the prebreakwater
condition where windrowed ice formed at the end of the piers. Under these
conditions, only a small amount of area was available under the windrowed ice
for water to flow. Postbreakwater conditions cause the windrowed ice to form
at the entrance channels, providing more than twice as much area for the
water to flow. This can be seen by studying Figure 15. These increased
areas will reduce the seriousness of flooding due to ice jams by providing
more area for water to flow under the ice. Due to the complexity of ice
jams, the extent of these improvements is impossible to quantify.

In summary, the location of potential ice jams in the harbor mouth region
has been affected by the breakwater. Jams used to occur at the pier ends;
they now occur anywhere from the pier ends to the east end of the breakwater.
The primary problem is still to provide an outlet to the lake for the ice.
Efforts to provide this path appear to have been hampered by the curved
alignment of the new east lake approach channel. The probability of jams
occurring is now less than in the prebreakwater period, due to elimination of
windrow at the mouth. However, when serious jams occur, local people expect
more difficulty in breaking them up.

CONCLUSIONS REACHED BY STANLEY CONSULTANTS (APRIL 1978)

From its studies, Stanley reached the following conclusions regarding the
breakwater impact on ice formation, ice development and transport, and
breakup and transport from the harbor:

Ice Formation - The breakwater has had very little impact on ice for-
mation in the river channel. The critical factors of temperature and river
velocity are not significantly affected by the breakwater. The decrease in
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waves and surge may help for an ice cover of uniform thickness. In the har-
bor mouth area, solid sheet ice is now formed whereas windrows were prevalent
prior to the breakwater. The breakwater has to result in thicker ice between
the breakwater and the piers than in the river channel.

Ice Development and Transport - Ice growth and transport in the river

channel have not been affected. Transport of floes in the vicinity of the
breakwater has been significantly altered. Windrows no longer accumulate
between the piers, but now often form at the ends of the breakwater.

Spring Breakup and Transport From the Harbor - The breakwater has had no
significant impact on ice jaming potential in the river channel upstream of
Erie Lagoon. Channel deepening (to 8 feet) of the reach between Huron Street
and Liberty Street has reduced the potential for flooding due to ice jams in
this area. In the outer harbor area, the location of potential Jam spots has
been affected. Jams may now form in the east lake approach channel near the
breakwater east end, whereas windrows at the ends of the piers used to be the
primary jam location. The curved alignment of this channel has made
icebreakwater navigation more hazardous, and according to the Coast Guard, it
is possible that under unusual circumstances, icebreaking might be
impossible. It is also noted that if for any reason the KAW (or similar
icebreaker) is not available to assist in breaking up the ice, then the
breakwater and associated harbor improvements have had a net beneficial
impact on the potential for ice jam flooding.

In summary, Stanley Consultants concluded that the breakwater has had
some effect on the potential for ice jam flooding. The probability for ice
Jams has been reduced due to removal of windrows from the pier ends but the
remote possibility of a serious Jam not being broken up and resulting in
serious flooding now appears to be more viable. It is recommended that addi-
tional consideration be given to mitigation of navigation problems related to
icebreaking operations by the KAW.

BUFFALO DISTRICT'S EVALUATION AND SUBSEQUENT ACTIONS

To assist in evaluating the breakwater's impact on ice jam flooding, the
District requested review of the Vermilion situation by Corps scientists at
the Cold Regions Research and Engineering Lab (CRREL). CRREL concluded that
the breakwater is an asset for reducing ice jam flooding at the river mouth.
by creating windrowing further into the lake and allowing a longer diffusion
front in deeper water. CRREL also noted that structures similar to the
Vermilion breakwater are used at other locations for just this purpose, while
cautioning that reduction of ice Jam flooding potential does not mean that
flooding will not occur in the future. Flooding will occur even under free-
flow conditions when the river channel capacity is exceeeded such as happened
in July 1969 and at other times before the breakwater was constructed.

On these bases, the Buffalo District concluded that the breakwater has
reduced the ice jam flooding potential at Vermilion by eliminating windrowing
at the ends of the piers. However, as recommended by Stanley Consultants,
the District also concluded that additional consideration should be given to
the need for mitigating navigation problems related to icebreaking operations
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by the Coast Guard. This analysis was performed by Tetra Tech Inc. under a
1979 contract with the Buffalo District. The Tetra Tech report is presented
in its entirety as Appendix B to this report, and summarized below.

Tetra Techs Study of Possible Harbor Modifications to Improve Icebreaking
Operations

a. Design Coast Guard Vessels

Upon iniLiating coordination with the 9th Coast Guard District which per-
forms icebreaking at Vermilion and in other recreational harbors as a service
to the communities rather than a designated mission, Tetra Tech found that
the Coast Guard was replacing the 110-foot cutters with the larger, more
powerful 140-foot class of vessel. As a result, the District modified the
contract with Tetra Tech to include evaluation of desired harbor modifica-
tions for both the 140-foot vessel (Design Condition 1) and the 110-foot
vessel (Design Condition 2).

b. Findings for Design Condition 2 (110-Foot Vessel)

Based on the Coast Guard's past performance, both before and after
construction of the breakwater, Tetra Tech concluded that no further harbor
modifications are required to permit effective icebreaking operations with
the 110-foot cutter at Vermilion Harbor. However, conditions of high river
flow and/or the threat of sudden failure of an upstream jam could release a
sudden surge of water and ice to the river mouth, possibly forcing a cutter
in close proximity against the breakwater, jeopardizing both crew and vessel.
Strong southerly winds could produce the same result. As a result, these
vessels have not always proceeded into the inner harbor or upriver when
hazardous conditions exist, and supplemental icebreaking operations near the
river mouth by local officials have been required. Based on these
conclusions, alternative designs for modification of Vermilion Harbor to
accommodate the 110-foot cutter were not required.

c. Findings for Design Condition 1 (140-Foot Vessel)

This new vessel, which is already operating on the Great Lakes, is
expected to replace the 110-foot cutters on the Lakes in the next few years.
Since its basic winter mission is to aid commercial navigation during the ice
season, these new vessels have no problem in operating in commercial harbors.
However, in recreational harbors such as Vermilion and Rocky River on Lake
Erie, existing project depths are insufficient for the greater drafts
required by the 140-foot icebreakers. With a static draft of 12.5 feet and
beam of 37.5 feet, the Coast Guard has stated that a water depth of 15 feet
is required for the 140-footers. The existing authorized project depth at
Vermilion is 12 feet below Low Water Datum (LWD) or 3 feet less than needed
for the 140-footer when the lake level is at LWD. Therefore, additional
deepening will be required to allow entry of these new vessels.
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Three alternative designs were evaluated to provide harbor access by the
140-foot icebreaker:

Alternative 1 - Deepening of existing channels;

5Alternative 2 - Breaching of the breakwater, and deepening of appropriate

channels; and,

Alternative 3 - Removal of the breakwater, and deepening of the entrance
channel.

Figures 16, 17, and 18 show the plan view for Alternatives 1 through 3,
respectively. Associated quantities, costs, and beneficial and adverse
effects of each of these alternatives are discussed in Chapter 4 of Appendix
B. Table 9, provides a qualitative comparison of the alternatives, based on
functional/engineering, environmental, economic, and acceptability criteria.
From the matrix, Alternative 1, Route 2 (deepening of the East Entrance
Channel only) ranks highest overall, followed closely by Alternative 4, the
"No-Action" alternative. With a 200-foot wide entrance channel widening into
a turning basin at its southerly limit, the total first cost for Alternative
1, Route 2, would be approximately $187,000. Annual maintenance for the

total harbor project (7,450 cy/year) would be approximately $87,000, with the
additional dredging required specifically for the 15-foot project approxi-

mately 1,650 cy/year, or about $20,000 of the total of $87,000. As would be
expected, Alternatives 2 and 3 would produce adverse wave conditions at the

harbor and river entrances, thus adversely affecting recreational navigation
at Vermilion Harbor. Based on consideration of both positive and negative
aspects of the alternative plans, Tetra Tech concluded that Alternative 1,
Route 2, best serves the objective of providing improvements needed for
icebreaking operations at Vermilion Harbor the the new 140-foot vessel.

CONCLUSIONS REACHED BY BUFFALO DISTRICT

Design Condition 2 (110-Foot Vessel)

The District concludes that no channel or harbor modification is required
to allow icebreaking activities ro be successfully undertaken when employing
the 110-foot vessel. The Coast Guard has shown that the 110-foot cutter can
enter the harbor to perform icebreaking operations. The winter of 1980
showed the ability of the 110-foot ARUNDEL to safely navigate through the
harbor entrance and proceed upriver to near the head of navigation under
favorable river and weather conditions. This serves to indicate that if the
110-foot vessel was still available for icebreaking in Vermilion Harbor, no

channel or structural modification of the Federal navigation works at
Vermilion would be required.

Design Condition 1 (140-Foot Vessel)

The Coast Guard icebreaking fleet on Lake Erie t presently in a state of
change. The Coast Guard has indicated that the traditionally used 110-foot
cutter will no longer be available to serve the future needs of the city of
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Vermilion. This vessel, which has shown its effectiveness and ability to
conduct safe and efficient icebreaking operations in the authorized 12-foot
depths of Vermilion Harbor, will soon be replaced by a larger, faster, more
efficient 140-foot vessel class.

This should provide more effective icebreaking capability in the commer-

cial shipping lanes, which is the primary objective of the Coast Guard
icebreaking program. The larger 140-foot class icebreaker has a 12.5-foot
draft and requires a 15-foot water draft for safe icebreaking operation. The
Vermilion Harbor Channel has been Federally authorized to be maintained at a
depth of 12 feet in the River and Harbors Act of 1875 for commercial fishing.
Therefore, if the channel is not deepened, the vessel could not break ice at
Vermilion unless a relatively high lake level (571.6 feet, IGLD) existed.
Based on historical lake level information, the 571.6-foot lake level has
existed throughout the January-March period only 5 times in the last 60
years. Thus, unless the entrance channel to Vermilion is deepened beyond
the 12-foo: authorized depth, it is expected that the new 140-foot Coast
Guard icebreaking vessel cannot be used routinely. Therefore, the District
concludes that additional project depth should be provided at Vermilion
Harbor to permit continued icebreaking operation by the new 140-foot vessel.

Authority for Possible Modifications to Accommodate Larger Coast Guard
Vessels for Icebreaking Purposes

It is concluded that Congressional authorization will be required to per-
form additional deepening from -12 feet LWD to -15 feet LWD in the East
Entrance Channel. The appropriate legislature authority is Section 216 of
Public Law 91-611 (River and Harbor and Flood Control Act of 1970) which
authorizes review of and report to Congress on the operation of completed
projects when found advisable due to significantly changed physical or eco-
nomic conditions. This report to Congress would be in the form of a separate
letter report for modification of the existing navigation project due to
changed icebreaking operations by the U.S. Coast Guard.

BUFFALO DISTRICT'S RECOMMENDATIONS

It is recommended that no further study of the effect of the detached
breakwater on ice-jam flooding be made. However, because of changed con-
ditions consisting of a program by the U.S. Coast Guard to replace the
110-foot cu'ters now operating on the Great Lakes with larger 140-foot
vessels, t - further recommended that consideration be given to deepen or
otherwiLe . :y the Vermilion Harbor project to accommodate these larger
vessels. The appropriate authority to obtain Congressional Authorization to
modify Vermilion Harbor, if required, is Section 216 of PL 91-611. The
reporting document to Congress would be in the form of a letter report pre-
pared specifically for this purpose.
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FREE - FLOW FLOODING
INTRODUCTION

SThe Vermilion River has a history of flooding so severe that within a
5-year period the Buffalo District published two reports pertaining to
magnitude, frequency, and prevention of future floods. The first study
report was published in 1965, long before the breakwater was constructed.
This study was requested by the state of Ohio because the Vermilion River had
a history of serious flooding. Concerned local and State agencies realized
the need for a report which summarized past flooding and predicted the magni-
tude and frequency of future floods. The report was to provide a means by
which the hazards and damages from future floods could be anticipated and
reduced, and to provide a tool for sound flood plain management. The second
report, covering the record flood of July 1969, also predated the breakwater.
Based on available high water marks, the 1969 flood reached higher elevations
than a 1913 flood, which had been the greatest historical flood. Because the
1969 event was so large, the Buffalo District prepared the report to empha-
size the hazards of a major flood, and to warn that future development in the
flood plain would result in larger damages unless that development was under-
taken with a knowledge of flooding problems in the area. Since the detached
breakwater was completed in 1973, residents near the lower reach of the river
have implied that the structure increases the flood potential by raising the
flood profile. This section will evaluate the impact of the detached break-
water on free flow flooding by analyzing both the hydraulic conditions in the
vicinity of the breakwater and the change in water level at the river mouth.
The study of free-flow conditions was performed by Stanley Consultants and
the results presented in Chapter 6 of the April 1978 Breakwater Impact Study
Report.

HYDRAULIC ANALYSIS

Reference Datum

All the elevations used in this section are measured from National
Geodetic Vertical Datum of 1929 (NGVD-1929). These values are 1.6 feet above
corresponding levels based on International Great Lakes Datum, 1955
(IGLD-1955). For example, an elevation of 569.6 (NDVD Datum) is equal to
568.0 (IGLD).

Hydraulic Criteria

In order to evaluate the effects of the detached breakwater on flooding,
Stanlj Consultants utilized several sets of factora:

p• Discharge Data:

- Values used in the 1977 Flood Insurance Study

- Revised values of the above FIS data.
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Lake Levels:

569.6 feet (NGVD) - an extremely low value. The monthly mean level
of Lake Erie has dropped to, or fallen below, elevation 569.6 only
four different times in over 100 years. Therefore, the chances of
any lower level coinciding with a flood on the Vermilion River are
very slight.

- 572.0 feet (NGVD) - an average level. This is close to the arith-
metic average of all lake levels since 1860.

575.9 feet (NGVD) - a high level. This corresponds to a lake lavel
with a recurrence interval of about 20 years on an instantaneous
basis. As in the case of the low level, the chances of a lake level
higher than 575.9 coinciding with a flood on the Vermilion River are
very slight. Analysis of this condition is the most critical, since
it is during periods of high lake levels that the potential for
damaging floods is highest.

Channel Bed Conditions:

- Both approach channels at design depth and width.

- The east approach channel silted to such a degree as to be
identical to conditions prior to dredging in that area in 1973.
The west channel filled to such a degree as to be identical to
conditions prior to dredging in that area in 1976. This was
considered to be the most adverse state.

Distribution of total peak discharge:

- All flow passes through west approach channel.

- All flow passes through east channel.

- The flow splits in such a manner that water velocity is the same

in both channels.

Methodology

For each of the three critical lake levels, the increase in flood eleva-
tion at the entrance channel mouth (Location B on Figure 19) was manually
computed for a wide range of possible flows in the channel. Computations
showed that, the lower the flow, the smaller the increase in water surface
elevation at LocatLon B. Table 10 lists the water surface elevation at the
mouth for a range of river flows, both with and without the breakwater. In
order to determine the maximum flow that can be conveyed in the entrance
channel, a series of step-backwater (backwater) computations using Manning's
equation were made, beginning at the mouth of the channel at Location B. &
range of discharges was considered for each lake level. Starting water sur-

face elevations were set equal to the lake level plus the increase caused by
the breakwater. The largest flow which could be contained within the
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7104

entrance channel without overtopping the West Pier or west bank would be the
one with the largest rise in floodwater elevations which would be created by
the breakwater.

Backwater analyses at each lake level were also conducted for peak* discharges which were larger than the maximum peak discharge which could be
affected by the breakwater. These analyses were begun at the point at which
water in excess of the maximum peak discharge flows over the West Pier. The
total backwater analysis, therefore, considers the maximum peak channel
discharge from the river mouth to the point of overflow, and the total flood
flow from this point upstream.

EFFECT OF THE BREAKWATER ON RIVER FLOOD ELEVATIONS

From review of the Flood Insurance Study and preliminary calculations, it
was concluded that at each of the three studied lake levels the harbor
entrance channel has some maximum capacity of flow which would cause water to
overtop the West Pier (Figure 20). These calculations also indicated channel
bed conditions of both the east and west approach channels had a negligible
effect on flood levels.

IDETACHED L

\ BREAKWATER

LAKE APPROACH]

CHANNEL

Figure 206 FLOODWATER PATHS

By trial and error, the maximum channel capacity before overtopping the
West Pier was determined for each of the three levels (Table 11).
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Table II - Peak Discharges and Lake Levels Considered

Peak Vermilion River Discharges : Lake Erie Levels
Recurrence : : Recurrence Lake Level
Interval : Peak Discharge Interval IGLD- IGLD-
(Years) (efs) (Years) 1955 1929

10 14,900 1 568.0 569.6

50 28,700 2 570.4 571.0

100 37,300 20 574.3 575.9

500 67,800

On the basis of these computations, backwater calculations were made for
various combinations of river discharge and coincident laka level. As shown
in Table 10, it was found that the maximum increase in flood level due to the
breakwater would occur near the ends of the piers (Locatton B on Figure 19),
and would range between 0.1 and 0.3 foot, depending on the flow and lake
stage. Tables 12, 13 and 14 provide a summary comparison of the water sur-
face elevations at three locations for various Lake Erie stages and Vermilion
River discharges both with and without the breakwater. Near the downstream
limit of the residential development at Erie Lagoon (Table 12), the maximum
increase in water level would be approximately 0.1 foot. Further upstream
near the Liberty Avenue Bridge, the maximum increase for the most critical
combination of river flow and lake stage is further reduced to about 0.05
foot (Table 13). Further upstream at State Route 2 the breakwater has no
effect on the water surface elevation (Table 14).

CONCLUSIONS

Based on the studies performed by Stanley Consultants, it is concluded
that the detached breakwater has a negligible effect on free-flow flooding in
the developed areas along the Vermilion River. Therefore, no further con-
sideration of mitigation for free-flow flooding is warranted.

However, it must be recognized that flooding along the river will occur
when the river channel capacity is exceeded such as happened in July 1969 and
at other times before the breakwater was constructed.
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SEDIMENTATION
INTRODUCTION

Sedimentation accumulation in the Vermilion River and the adjoining
Lagoons has been an area of concern to the residents of Vermilion. Residents

contend that the breakwater has altered the transport of sediments in the

river and outer harbor.

The purpose of this study is to determine what impact the detached break-

water has on this process in the Vermilion River and Lagoons located north of
the Liberty Street (Highway 6) bridge. The study was performed by Stanley
Consultants under contract to the Buffalo District. This section summarizes
the study results, and provides the Buffalo District's conclusion regarding

the need for mitigation of this impact due to construction of the offshore

breakwater.

The drainage area of the Vermilion River includes 272 square miles

located in parts of five Ohio counties. Land use is primarily agricultural
with several large communities. Eroded soil from these regions wash into the
river and are carried along with the flow as long as the velocity is high

enough to keep the sediment particles in suspension. In the areas of the
Vermilion River where the river gradient flattens out, the velocity will

decrease and the larger, heavier soil particles will settle to the channel
bottom. The natural backwater effect of Lake Erie enhances sedimentation in
the river, harbor, and Lagoon area by reducing the hydraulic gradient and

slowing the velocity of the river flow so that, under natural conditions,
sediment buildup in the river will vary from year to year.

The two primary sources of sediment in the Vermilion River are solids

discharged from sewage treatment plants and eroded soil. The amount of
suspended solids from the Vermilion sewage treatment plant is approximately
25 tons per year and is ne~ligible when compared to an average of about
125,000 tons of suspended sediment load per year in the Vermilion River.

The sediment load in the river is dependent on the river flow. During
low flow periods, most of the water in the river comes from ground water

sources, and the sediment load is relatively low. During high flow periods,
most of the water in the river will come from overland runoff following
storms, and the water contains high concentrations of sediment. These hig~ier
sediment concentrations combined with the higher flow will result in sediment
loads transported by the river increasing at a rate much faster than the
increase in river flow. High river flows will therefore carry proportionally
much higher sediment loads than low flows.

HISTORY OF SEDIMENT ACCUMULATION

Prior to the construction of the detached breakwater in 1973, maintenance

dredging of Vermilion Harbor (including the Vermilion River portion) was
infrequently performed. Prior to 1874, the entrance channel was maintained
to the 8-foot depth. Since 1874, the entrance channel has been maintained to
approximately the 12-foot authorized project depth. Since construction of
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the breakwater, maintenance harbor dredging has been performed a number of
times. The history of the dredging program, both before and after construc-
tion of the breakwater in 1973, is summarized below.

Dredging Prior to Breakwater Construction in 1973

Sediment buildup in the Vermilion River has caused interference with
navigation during past years and several dredging projects have been under-
taken. Between 1874 and 1878, the piers were extended to their present loca-
tion in Lake Erie and the river was dredged to a depth of 12 feet for a
distance of approximately 1,335 feet upstream from the outer ends of the
entrance piers. During 1915 and 1916, the entrance channel was dredged by
the Federal Government to 12-foot depth and local interests dredged the river
channel upstream from the Federal project limit. Between 1930 and 1937,
dredging upstream of the Federal project to the vicinity of the Liberty
Street bridge was undertaken by private interests. During 1935, shoal
material was dredged from the entrance to the river channel. No record of
additional major dredging projects in the river channel are encountered until
1969, when a large shoal was removed from the channel entrance following the
July 1969 flood.

The Erie, Ontario, Superior, and Huron Lagoons, constructed by private
interests, were completed in 1933. Silt accumulated in the lagoons over a
period of years and was causing some problems with navigation as early as
1950. In 1955, a permit was obtained from the Corps of Engineers to dredge
the lagoons; however, the actual dredging was not accomplished until 1959
when the lagoons were dredged to a depth of approximately 8 feet below low
water datum (IGLD 568.6).

The data indicates that sediment deposition in the lagoons has been
occurring since the lagoons were constructed in 1933. Sediment buildup
varies from year to year depending upon the suspended sediment load carried
in the river during a given year.

Shallow areas exist near the mouths of the lagoons and near the shore
around some of the bends. It is anticipated that these shoals may interfere
with navigation. When water enters the lagoons from the river, the veloci-
ties decrease substantially. This causes the larger sediment particles
carried in the water to settle out near the mouth of the lagoon thereby
causing the high sediment buildup in these areas. Sediment buildup near the
shoreline and around curves occurs in quiet areas where velocities are sig-
nificantly reduced.

Dredging Subsequent to Breakwater Construction in 1973

During 1973 and 1974, the offshore breakwater was constructed and the
East and West Lake Approach Channels were dredged to the depths shown in

Figure 21.

Table 15 summarizes the history of dredging operations at Vermilion
Harbor during and after construction of the breakwater in 1973. From the
tablulation it is seen that maintenance dredging has been performed on five
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separate occassions since 1973. No dredging was performed in 1980 and .e
is scheduled for 1981.

Table 15 - Dredging History at Vermilion Harbor Since
Completion of Breakwater in 1973

: Cost/Cubic Yard

Date : Volume : :At Time :Escalated:
Purpose of : Dredged: Total : of : to
Dredging : (c.y.) : Cost :Dredging:1980 P.L.: Disposal Location

: $ .: $ : $ :

1. Sep-Dec 1973 : 25,000 : 187,900 : 7.30 12.20 : Land & deepwater
(Harbor Mod) :

2. June 1974 : 5,900 : 24,000 4.10 : 6.30 : Beach on west side
(Maintenance): : : : of harbor

3. February 1975: 3,000 : 10,300 : 3.40 : 5.40 : Beach on west side
(Maintenance): : : : of harbor

4. Nov-Dec 1975 : 10,850 : 53,200 : 4.90 : 7.20 : Nakomis Beach, east
(Maintenance): : : of harbor and deep-

: water disposal

5. 1978 : 3,496 : 18,000 : 5.15 : 6.23 : Deepwater disposal
(Maintenance):

6. Oct-Nov 1979 : 23,000 : 147,200 : 6.40 : 7.00 : Deepwater disposal
(Maintenance):

Figure 22 shows the harbor areas where high sediment buildup tends to
occur and maintenance dredging is most concentrated.

Sediment buildup along the pier at the east edge of the river entrance
channel in the eastern lake approach has been an area of concern during the
years of 1973 through 1975 as evidenced by the two emergency dredging opera-
tions which were undertaken in 1974 and 1975. The sediment along the east
edge of the channel consisted primarily of beach sand blown or washed over
the east pier during northeasterly storms. Large stone blocks were placed on
top of a portion of the east pier in August 1974 to reduce sand movement into
the river channel. The large stone blocks were not immediately effective and
emergency dredging was required after their installation in 1975. This area
has not needed emergency dredging since 1975, therefore it is assumed that
the stones placed in 1975 have had a beneficial effect and the problem has
stabilized. Routine maintenance dredging between the piers and upriver to
the upstream limit of the project was undertaken in 1979.
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SEDIMENT COMPOSITION

Sediment samples of the lake approach channels and the river channel were
collected by Stanley Consultants during August 1976 and May - August 1977.
The samples collected by Stanley Consultants were analyzed for grain size and
organic content.

Sample locations for the 1976 and 1977 sampling are shown in Figure 23,
while material classification and organic content are shown in Table 16.
Examination of the results in Table 16 reveal that samples collected from the
Vermilion River upstream of the piers consist of silt and clay sized
particles. Analysis of samples collected in the lake approach channels
between the river piers and the detached breakwater indicates that material
deposited in this area consists primarily of silt and clay sized particles
and therefore is of river origin. Some sand was encountered immediately
northeast of the end of the east pier and immediately northwest of the end of
the west pier, indicating that transport of beach or lake bottom material to
this area is occurring. The organic content was higher in samples collected
in the Vermilion River channel than it was in samples collected in the lake
approach area.

The Buffalo District has also taken samples during July 1978, October -

November 1979 and September 1981. The 1978 and 1979 samples were analyzed
for grain size as well as organic content. In addition, the 1981 samples are
being chemically analyzed for nutrients, heavy metals, selected pesticides,
PCB's, oil and grease and other pollutants. The results of these sampling
programs substantiated the results and conclusions of the Stanley analysis.
Results of these Corps sampling programs are available from the Coastal
Section of the Buffalo District upon request.

BREAKWATER EFFECT ON SEDIMENT ACCUMULATION

To facilitate analysis of the study area, the project was divided into
three sections: the Lagoons and River Channel; the River Entrance Channel;
and the Lake Approach Channel.

Effect of the Breakwater on Lagoons and River Channel

For the detached breakwater to affect sedimentation in the Vermilion

River, the breakwater:

- would have to act as a blockade causing an increase in the river's
depth with a proportionate decrease in its velocity, or

- would have to affect the type or amount of sediment that enters the
river, or

- would have to reduce the cleanout character by reducing surge or some
other natural phenomena.
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Table 16 - Material Classification of Sediment Samples (1)

Sample Material :Organic Content
Location: Classification :(Z Dry Weight)

1 :Silt and clay 1.1

2 :Fine sand 0.5

3 :Fine sand 0.5

4 :Fine sand, some gravel and some silt and clay 0.7

5 :Silt and clay : 1.4

6 :Fine sand 0.3

7 :Fine sand, silt and clay, leaves and twigs : 2.2

8 :Fine sand : 0.6

9 :Silt and clay, leaves : 2.0

10 :Silt and clay : 1.1

11 :Silt and clay : 1.5

12 :Silt and clay, some sand : 2.1

13 :Silt and clay : 1.8

14 :Silt and clay N/A (2)

15 :Silt and clay : N/A (2)

16 :Silt and clay, trace sand : N/A (2)

17 :Large stones : N/A (2)

18 :Fine sand : N/A (2)

19 :Silt and clay, trace sand N/A (2)

20 :Cobbles : N/A (2)

21 :Hard bottom : N/A (2)

22 :Medium sand : N/A (2)

23 :Hard bottom : N/A (2)

24 :Hard bottom : N/A (2)

(1) Stanley Consultants Report, April 1978
(2) Not Analyzed (Corps of Engineers Samples)
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a. Effect on Velocity

A REC-2 computer model was used to determine river velocities with and
without the breakwater. A flow of 500 cfs was chosen as low flow for the

first set of computer runs. In order to check all cases, separate computer
runs were made assuming a high lake level (574.3, IGLD), a low lake level
(."68.0), and an average lake level (570.4). Computer runs were also made
assuming first that all flow from the river passed through the east lake
approach channel and then as a separate run assuming that all flow passed
through the west lake approach channel. Runs were made using the design
channel depth and then separate runs were made assuming that a portion of the
lake approach channel had silted in. The maximum change in computed river
velocity due to the breakwater occurred at the lowest lake levels. Average
river velocity at high and low lake levels and the change in river velocity
at low lake levels caused by the breakwater are summarized in Table 17. The
computer runs indicated that the detached breakwater has essentially no
effect on the velocity on the river channel at a discharge of 500 cfs. At
lower flow rates, the effect will also be negligible.

Computer runs for situations similar to those described above were also
made assuming a flow of 1,000 cfs in the Vermilion River. Results of these
computer runs indicate that the detached breakwater has essentially no effect
on the velocity of the river at a dischargt of 1,000 cfs (reduction in veloc-
ity of less than 0.001 ft/sec as shown in Table 17). A flow rate of 3,000
cfs was also selected for analysis. It should be noted that flow in the
Vermilion River Is less than 3,000 cfs, approximately 99 percent of the time.
At a flow of 3,000 cfs, the velocity is approximately 2.0 fps, and the change
caused by the detached breakwater is less than 0.01 fps and is considered
insignificant.

A flow rate of 14,000 cfs was selected as the maximum rate because it is
the amount of flow which the main channel of the river can carry at high
levels without overtopping the piers. At this flow, the computer model indi-
cates the velocity decrease in the river is less than 0.08 feet per second,
also considered to be negi 'le.

Table 17 - Breakwater Effect on River Velocity (1)

River Average Velocity : Average Velocity : Maximum Reduction in
Discharge High Lake Level : Low Lake Level :Velocity Due to Breakwater*
(cfs) (fps) (fps) (fps) Percent

500 0.22 0.34 <0.001 <0.1

1,000 0.44 0.68 <0.001 <0.1

3,000 1.31 2.04 0.004 0.2

14,000 6.12 9.52 0.078 0.8

* occurs at low lake level

(1) Stanley Consultants Report; April 1978
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b. Effect on Sediment Load

Sediment accumulation along both the east edge of the river entrance
channel and the eastern lake approach have been the areas of greatest
concern. The sediment along the east edge of the channel consists primarily
of beach sand blown or washed over the east pier during northeasterly storms.
With this possible exception, the offshore breakwater has no effect on the
amount or type of sediment which enters the Vermilion River.

c. Effect on Cleanout

The offshore breakwater has reduced the surge effect which existed in
the lagoons and river channel during storms prior to the construction of the
breakwater. Cleanout phenomena is not affected since the surging which
existed prior to construction of the breakwater did not result in velocities
large enough to scour sediment from the bottom of lagoons. Also, this type
of surging would not result in a net flow through the area capable of
removing significant quantities of sediment even if it were scoured into
suspension.

d. Conclusions

With the breakwater acting as a restriction, there is no depth change in
the river since the related decrease in river activity is negligible.

The offshore breakwater has no effect on the type or amount of sediment
which enters the Vermilion River.

There is no known natural phenomena which existed either before or after
construction of the offshore breakwater which affects the rate of sediment
accumulation in the lagoons or the river channel.

Effect of the Breakwater on River Entrance and Lake Approach Channels

Since construction of the breakwater in 1973, dredging of the river
entrance channel and lake approach channel has been performed on a numbec of
occasions (see Table 15, preceeding). Between 1935 and 1973, no dredging
was performed except in 1969 when a large shoal was removed from the channel
entrance following the July 1969 flood. This indicates that the breakwater
has undoubtedly contributed to the "mount of sedimentation in these areas
although increased shoreline erosion during the recent high lake level period
is partially causative.

The lake approach channels were constructed as part of the detached
breakwater project. The sediment deposits which have occurred in the chan-
nels consist of both clay and silt sized paricles and some pockets of silty

r sand. The clay and silt content indicates that some of this sediment is
carried in the Vermilion River. The sand is presently primarily near the
pier ends at the river entrance, and is probably transported into this area
by lake wave action and associated littoral currents. A majority of the silt
and clay particles from the Vermilion River which settle in the lake approach
channels behind the breakwater would most likely be carried northerly to the
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deeper part of the lake if the breakwater were not in existence. In
addition, the dredging activity makes the approach channels lower than the
natural area thereby tending to trap the sediment. It therefore appears that
the breakwater is at least partially responsible for sediment deposition in
the lake approach channels. However, maintenance dredging is performed, as
required, to maintain authorized project depths in Vermilion Harbor.

CONCLUSIONS

The natural backwater effect of Lake Erie enhances sedimentation in both
the river and lagoon area by reducing the hydraulic gradient and slowing the
velocity of the river. In the period following construction of the
breakwater, scouring action during periods of high discharge has kept the
main (center) channel close to project depths. Bends in the river, however,
have shifted somewhat by eroding on one side of the river, with sediment
buildup on the other. This is caused by natural processes and is not
influenced by the breakwater.

Since the breakwater has no significant effect the flow velocity in the
Vermilion River, it has no effect on the rate of sediment accumulation in the
lagoons or river channel. Therefore, mitigation of sediment accumulation in
the lagoons and river channel is not required. However, it appears that the
offshore breakwater does cause some sedimentation in the lake approach chan-
nels and may possibly increase the rate of sediment accumulation along the
edge of the river entrance channel near the east pier. Since mitigation of
this effect is already provided in the form of periodic maintenance dredging,
it is concluded that no further action is necessary for mitigation of addi-
tional harbor sedimentation caused by the detached breakwater.
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NAVIGATION

INTRODUCTION

The purpose of this study was to analyze the impacts of the recently
constructed offshore breakwater on navigation safety in Vermilion Harbor.
Analysis of these impacts will include consideration of the protection
afforded against wave action, the change in traffic patterns and changes in
the visual conditions at the harbor mouth. Problem areas, identified through
analysis of harbor conditions and survey of boater opinions, will be
described with respect to safe boat navigation at Vermilion.

Navigation factors important for safe operation of all craft using the
entrance of Vermilion Harbor include:

• Harbor Configuration - the location and dimensions of channels, piers,

breakwater, and lights.

" Channel depth as related to vessel draft.

" Traffic congestion related to numbers of other vessels entering and

leaving the harbor; especially during storms.

TRAFFIC PATTERNS AND CONGESTION

The detached breakwater was constructed to provide a zone of calm water
in which to maneuver into and out of the entrance channels. The location and
extent of the zone protected from northeast and northwest waves before and
after breakwater construction is shown on Figures 24 and 25, respectively.
Before breakwater construction, boats could only approach the unprotected
river channel 'straight-in'. When seas were following (or quartering) signi-
ficant power was necessary to maintain sufficient speed to allow controlled
steering of a boat. This condition could prove hazardous to an inexperienced
boat operator, particularly one with an underpowered boat. After construc-
tion of the breakwater, a zone protected from waves was created of sufficient
size and configuration to permit vessels approaching the river mouth to enter
the channel from the open lake at either end of the breakwater. An operator
can now always bring his boat into the harbor without encountering following
seas by choosing the appropriate lake approach channel. This results in
safer boating operation.

Boats entering and leaving the harbor are governed by Rules of the Road

(RR), as published in U. S. Coast Guard Document 172. In accord with RR,
vessels operating in calm to moderate wind and sea conditions (wind 0 to 16
knots) should enter the harbor using the west lake approach channel.
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Departures should likewise be accomplished using the east lake approach
channel.

In actual practice, boaters do not always follow the prescribed
procedures, but rather enter the harbor by the most convenient route given
the prevailing wind and wave conditions. The result is that boats may enter
the harbor from both lake approach channels during peak hours, and the pro-
tected area inside the breakwater can become congested.

This is particularly a problem when sudden squalls force a large number
of boats to seek shelter quickly. Several boaters have reported difficulty
in entering the channel due to this congestion, with as many as 25 boats laid
up inside the breakwater.

Congestion in the harbor mouth is normally of short duration and occurs

during periods of peak harbor usage. Harbor traffic is at a peak during
weekend or holiday afternoons with warm, sunny weather. Figure 26 shows the

general increase in boat registrations in the area, and it is likely that the
harbor areas would be more congested now even if the breakwater had not been

built. The congestion in the area between the pier ends and the breakwater
has occurred only since construction of the wall. Prior to construction,
boats were forced to line up in the open lake when entering the harbor, and
channel congestion was minimized except under storm conditions.

In summary, congestion of the river channel has always been somewhat of a
problem, and is related to boat use, not the breakwater. The area between
the breakwater and piers is now congested on occasion, whereas the traffic
previously distributed itself throughout the general lake vicinity. However,
this congestion occurs in calm water, whereas, the breakwaater it occurred in
before, was in rough water conditions. There are no reports of accidents due
to this congestion, and local boaters do not feel a significant hazard has
been created.

RESTRICTED VISIBILITY AND BLIND CORNERS

Safe navigation at Vermilion Harbor depends a great deal on the ability
of each skipper to see other boats in time to minimize risk of collision.

Several aspects affecting visibility include:

Height of eye above water for each skipper.

Lake level in relation to the top elevation of piers and breakwater.

Limited visibility zones within the harbor approach area.

These factors may result in the creation of certain navigation hazards
related to limited visibility. An example of this would be a blind corner,
where a boat would not be able to see another boat because of an obstruction
between them (see Figures 27 and 28).

Height of eye above the water surface varies with the type of boat from
small, open boats to large cruisers with flying bridge configuration. At
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Vermilion, the predominant number of boats are small to medium size with
corresponding eye height above water from 3 to 8 feet. Commercial fishing
and large cruising boats have more visibility.

Harbor structures protruding above the lake surface can block visibility
depending on lake levels and height of eye. The top of breakwater is 10 feet
and the piers extend 6.5 feet above LWD. During periods of high lake levels,
such as in 1973, the tops of breakwater and piers would be 7.0 and 3.5 feet
above the water surface, respectively. It can be seen that changes in lake
levels result in definite changes in the way harbor structures block visibil-
ity from harbor craft.

Potentially hazardous situations in which restricted visibility is a
major factor have been identified through field survey observation and
analysis. Vessels operating in the lake approach channels near the entrance
piers are depicted on Figure 27. These four areas each represent situations
in which a 'blind' corner or zone is present for some types of boats,
depending on the existing lake level. The situations at each end of the
offshore breakwater are the most hazardous, due to the higher elevation of
the breakwater. This zone is also in the area of greater traffic density.
At the pier ends, depicted in situations 3 and 4 on Figure 27, a blind zone
is only created for the smaller boats, and only when lake levels are low.
Situations 3 and 4 on Figure 28 existed prior to construction of the
breakwater. Lake boaters are also aware of the possibility of other vessels
emerging from the harbor mouth, and, therefore, do not often use the southern
edge of the east and west approach channels. These situations have not been
affected by the offshore breakwater.

Contact with local boaters indicated that people are aware of the areas
of limited visibility and do not feel that these areas create a significant
hazard.

BREAKWATER RELATED ACCIDENTS

Navigation hazards causing accidents were investigated by a search of
available records as well as interviews of the Government agencies respon-

sible for compiling accident reports and data.
S

Available records include direct contact with responsible agencies as
well as information contained in the U. S. Corps of Engineers Survey Report
and Environmental Statements prepared for breakwater construction and main-
tenance operations. Before breakwater construction several accidents were
reported, many of which were cases of tugs foundering off Vermilion. The
breakwater was completed in 1973.

Since construction of the breakwater, there have been two accidents
reported involving the breakwater. A minor accident occurred in late July
1977. A large cabin cruiser hit the breakwater on the north side near the
west end. The accident occurred at night, and it was reported that the west
light was not operating. A major accident occurred 18 October 1980. This
accident involved a drowning of one of the passengers. A 19-1/2 foot
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inboard-outboard open motorboat struck the north side of the breakwater
approximately 100 yards east of the east entrance channel. All aids to navi-
gation were burning properly; neither the aids to navigation nor the break-
water were contributing causes to the accident.

3 Other undocumented accidents resulting in moderate property damage have
been described by local boaters.

Agencies of Government responsible for investigating and reporting boat
accidents include: Vermilion Police Department, Ohio Division of Watercraft,
and the U. S. Coast Guard. There are no records showing boat accidents,
damages, or injuries at Vermilion Harbor in the files of the Ohio Division of
Watercraft or the U. S. Coast Guard, 9th District, Office of Boating Safety
at Cleveland. The local law enforcement agency with harbor responsibility is
the Marine Officer of the Vermilion Police Department.

Navigation safety for harbors on Lake Erie is the responsibility of the
U. S. Coast Guard, 9th District, Aids to Navigation Office in cooperation with
the loca!'Port Authority. Citizen complaints and related investigation would
be conducted by the office. There is no record of complaints on file for
Vermilion Harbor and no know correspondence regarding the subject.

In summary, since the construction of the breakwater, there have been two
reported accidents involving the breakwater; however, the breakwater is not a
contributing factor in these two accidents. The possibility exists that more
accidents occurred but were not reported.

CONCLUSIONS

Stanley Consultants Study

The analysis included an evaluation of the beneficial and adverse effects
the breakwater has had on small-boat navigation at Vermilion Harbor. The
purpose of the breakwater is to reduce surging in the harbor and to provide
an area sheltered from high waves. The investigation showed that a zone of
congestion between the breakwater and piers has been created by the
breakwater, and zones of limited visibility do exist at the ends of the
breakwater. However, a survey of local boaters showed that the majority feel
the beneficial aspects of surge and wave reduction provided by the breakwater
outweighs the inconvenience associated with occasional congestion and the
need for increased caution in the vicinity of the breakwater. In view of
these comments, it was concluded that no significant hazards to navigation
have been created by the 1973-1974 harbor improvements.

District's Evaluation and Conclusions

Since the breakwater does reduce wave and surge action in Vermilion
-Harbor, and since it is the view of most of the local boating community that

this aspect outweighs the periodic inconveniences and need for caution, the
District concluded that the occasional Inconvenience to recreational boaters
does not warrant further consideration. No further analysis was made of this
impact.
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AESTHETIC'S

CRITERIA

The term aesthetics has been defined as "a particular philosophical
theory or conception of beauty." Like beauty, then, the word has no clear
and agreed-on definition.

Aesthetic values are attributed to man's sensory perception of the
environment, including tangible and intangible qualities. However, aesthetic
values and attitudes are also related to the political, cultural, and eco-
nomic phenomena of the period and are further influenced by conditions of the
physical environment and the way these factors satisfy man's needs. Such
values are not generally expressed as standards (as is the purity of water or
the amount of pollution allowable in the air) but remain an illusive and sub-
jective value of the individual.

The measure of aesthetic effect caused by the breakwater must be based
on a determined level of quality or perception that existed prior to
construction. The difference between present and preconstruction conditions
should indicate the effect related to breakwater, all other factors remaining
equal.

The effect of the detached breakwater was evaluated based on the 13
aesthetic elements listed below:

1. Harbor Entrance Scenic Quality.

2. Picturesque Composition.

3. Visual Interest.

4. Topographic Complexity.

5. Shoreline Complexity.

6. Public Accessibility.

7. Structural Mass Compatibility.

8. Construction Material. )

9. Color Compatibility.

10. Overall Design Form/Function.
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11. Materials Textural Compatibility.

12. Level of Overall Conditions and Maintenance.

13. Related Environmental Conditions as Related to Aesthestics.

LOCAL INTEREST

The importance of local interest as an indicator of effects was con-
sidered by analysis of complaints delivered to the Corps office in Buffalo,
and informal interviews with city officials and citizens. Since the nature
of aesthetics is subjective and not given to precise measurement, the valid-
ity of balloting or quantitative surveying the population for, "yes it is" or
"no it is not" (aesthetic), were not considered to be useful mechanisms.
Interviews were conducted, however, to determine feelings toward the aes-
thetic qualities of the breakwater. General questions were asked regarding
impressions or complaints about the structure from an aesthetic standpoint.

The most visible aesthetic sentiment expressed to date has been in those
letters received by the Buffalo District in conjunction with other statements
of complaints regarding such possible breakwater effects as shore erosion,

beach pollution, water supply pollution, navigation hazard, and channel
sedimentation. Yet, although more than 50 individuals have written letters
to the Corps regarding the breakwater from 1974 to 1977, very few comments
deal directly with the question of aesthetic effects. The significance of
aesthetic effects inferred by correspondence received to date is secondary in
relation to other items of concern.

Direct contact with boat owners and local people during this study has
failed to indicate specific objections to the breakwater on aesthetic
grounds. The majority of the people seem to feel that the beneficial aspects
of reduction in waves and surge action outweigh the inconvenience associated
with occasional congestion and increased caution in the vicinity of the
breakwater.

EVALUATION

Thirteen aesthetic elements were identified to evaluate conditions at
Vermilion Harbor before and after construction of the breakwater, as men-
tioned in the subsection titled "Criteria."

The list of elements was derived from surveys of shoreline and related
harbor structures referenced in this report. Specific elements were
selected, or added, on the basis of their relevance to conditions at
Vermilion Harbor, the breakwater setting and design characteristics of the
structure. A summary rating of aesthetic elements with relative indication
of low, moderate, or high significance is given in Table 18.

Photographs of the harbor setting and breakwater were used to provide a
visual vocabulary for describing the project. Individual photographs are
numbered for reference in the text and include a caption statement of their
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relation to aesthetic elements. An index map showing location and direction
of the photographs is shown on Figure 29.

The following paragraphs summarize the field observations related to the

aesthetic elements.

1. Harbor Entrance Scenic Quality

The harbor entrance and river channel mouth are not prominent features
from the land side due to the remoteness and isolation from points of public
access. From the public beach at the foot of Main Street to the center of
the new breakwater is nearly 1,500 feet (Photograph 15). Scenic impact
from within the protected zone (Photographs 18, 19, 20) is directly related
to the breakwater and its effect of blocking lake views entirely. In
summary, the scenic attraction of the harbor entrance is not affected by the
breakwater.

2. Picturesque Composition

The long, low, dark form lies motionless against the light background of
Lake Erie and sky. At a distance, it resembles a partially submerged ore
boat in sharp contrast to the natural forms of adjacent wooded shoreline,
beach contours or the waves (Photographs 13 through 17).

3. Visual Interest

The breakwater's charm is far from interesting. Visually, interest from
the land side is severely limited because of the lack of public accessibility
to the harbor entrance piers. The prime visual interest is for boats
entering and leaving the protected harbor zone (Photograph 20) because of the
free access for boaters on all sides of the structure (Photographs 13 through
17). Visual interest in the structure is therefore minimal.

4. Topographic Complexity

Proximity of the breakwater to a shoreline of contrasting elevation or
ruggedness, accompanied with a high degree of public accessibility, would add
to the aesthetic impact of the structure. The Vermilion Harbor entrance,
however, provides virtually no topographic relief or rugged landscape, and
the nearest slight bluff and public vantage point is at the north end of
Washington Street (Photographs 13 and 17). Topographic diversity of the
site is of minimal significance for purposes of aesthetic assessment.

5. Shoreline Complexity

The degree of shoreline complexity was considered as a factor for exami-
nation in the course of field analysis. A site near a shoreline that
includes bays, islands, peninsulas or spits would offer contrasting land
forms and greater diversity than the relatively plain setting at Vermilion.
Shoreline complexity has little significance in rating aesthetic effects at
Vermilion Harbor (Photograph 17).
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T LOOKIN EA HE BLUFF AT N RTH END OF WASHINGON STREET.
BREAKWATER IS A BACKGROUND ELEMENT OF VISUAL INTEREST OR LOW SCENIC
QUALITY.

14 * HARBOR ENTRANCE VIEW FROM THE LAKE SIDE IS BLOCKED BY THE BREAKWATER.
LOW TOPOGRAPHIC RELIEF IS INDICATED BY SHORE/TREELINE IN BACKGROUND.

~~1

150 LOOKING NORTHWARD FROM THE MAIN STREET BEACH. THE BREAKWATER IS A
BACKGROUND ELEMENT OF VISUAL INTEREST AND PICTURE COMPOSITION.
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I * VIEW FROM THE BLUFF NEAR STEPS AT LINWOOD BEACH. THE BREAKWATER IS A
BACKGROUND ELEMENT OF VISUAL INTEREST.

@LOOKING WEST FROM THE BEACH EAST OF THE HARBOR ENTRANCE. LOW
TOPOGRAPHIC RELIEF INDICATED BY THE LONG, LOW, HORIZONTAL PROFILE OF
PIERS AND NEW BREAKWATER AT THE RIVER MOUTH.
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IS HARBOR APPROACH CHANNEL VIEW FROM EAST END OF BREAKWATER. SHOWING
CONTRAST OF FORM, MATERIALS.

19 *LOOKING NORTHWEST ACROSS CHANNEL ENTRANCE FROM EAST PIER. THE
FUNCTIONAL FORM & CONTRASTING LEVEL OF MAINTENANCE FOR OLD AND NEW
CONSTRUCTION IS EVIDENT.

It

20 * VIEW INCLUDING WEST END OF BREAKWATER. SHOWING CLEAN FUNCTIONAL LINES
OF CONSTRUCTION. PICTURESQUE COMPOSITION FROM WATER SIDE IS POSSIBLE
WHEN AIDED BY REFLECTION FROM GLASSY WATER.
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6. Public Accessibility

Public awareness of both the breakwater and its aesthetic impact is
related to the breakwater's physical and visual accessibility. Easy access by
the public permits a greater awareness, while a situation remote from physi-
cal and visual access is more likely to receive less attention.

Public access to the piers is blocked by private property, although free
access is readily available from the water side. Visual access is possible
from Main Street Beach as well as several private residences. As viewed from
the land side, the breakwater is generally seen as a background object of
minimal visual significance. Overall public access to the breakwater is
limited to visual contact and then only as a distant view.

7. Structural Mass Compatibility

Structures in the harbor and adjacent shore combine with the shallow
draft to form a distinctly recreational small craft harbor atmosphere in
contrast to the industrial port facilities at Lorain and Cleveland. The
large mass of the new breakwater is shown in Photographs 19, 20, 23, 26, 27
and 30. The new structural mass of the breakwater contrasts with the older
piers, as shown in Photographs 27, 28, and 29.

8. Construction Material Compatibility

The most visually apparent construction materials for each harbor struc-
ture determine its visual character. The east and west piers are capped with
rectangular sandstone blocks while the breakwater is a series of steel sheet
pile cells capped with a slab of concrete (Photographs 18, 23, 26). The
steel sheet is rust finished, while the three navigation light support posts
are gray galvanized iron (Photographs 24 and 26).

The materials of the breakwater visually contrast with the parallel
piers with the contrast heightened by both the dominant position and relative
size of the breakwater when compared to the piers.

9. Color Compatibility

Established colors for the Vermilion Harbor area are derived from struc-
tural stone of the east and west piers and from the sand and gravel materials
of the beaches east and west of the entrance channel. Predominating colors
are earth browns, vermilion (from which the area derived its name), and
slate blues and grays. The breakwater's color is rusty steel which contrasts
with the natural colors of the piers and beaches.

10. Overall Design Form/Function

The parallel piers forming an entrance to Vermilion Harbor were ini-
tially constructed to maintain a sand-free channel through a sandbar at the
river mouth, as well as to provide a safer entrance free from breaking waves.
Public access was not provided; therefore, public use other than recreational
boating cannot be considered a function of the piers at this time.
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* NAUTICAL VIEW OF BREAKWATER FROM DISPLAY "BRIDGE" OF THE GREAT LAKES
MUSEUM. A LOW LEVEL OF VISUAL INTEREST FOR BACKGROUND PICTORIAL
COMPOSITION.

2 * VIEW NORTHWEST FROM BEACH EAST OF EAST PIER SHOWS LARGE SIZE OF
BREAKWATER COMPARED TO EXISTING PIER AND SMALL BOAT.

V
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23 * VIEW LOOKING EAST ALONG LAKE SIDE
OF BREAKWATER SHOWS MACHINE-
LIKE GEOMETRY OF INTERLOCKING

tARCS OF SHEET PILING. HUMAN
FIGURE (SEE ARROW) INDICATES
LARGE SCALE OF BREAKWATER.

g .4

24 SUPPORT POST FOR NAVIGATION
MARKER AT WEST END OF BREAKWA-
TER IS SIMPLE & FUNCTIONAL WITH NO
VISUAL ENHANCEMENT.

25. MOORING CLEAT AND ACCESS LADDER FACILITATE FUNCTIONAL ACCESS FOR
MAINTENANCE OR EMERGENCY.
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'I 4To
26 o LOOKING WEST FROM CENTER OF BREAKWATER. HUMAN FIGURE INDICATES SCALE

OF STRUCTURE. CONCRETE SURFACE AND FUNCTIONAL DESIGN FOR ABOVE WATER
PORTION CONTRAST WITH NATURAL MATERIALS OF EXISTING PIERS.
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270 LOOKING NORTH FROM EAST PIER. FISHING TUG INDICATES LARGE SCALE OF STEEL
BREAKWATER IN BACKGROUND.

" LOOKING SOUTHWEST ACROSS ENTRANCE CHANNEL BETWEEN PIERS. QUARRIED
STONE GIVES SMALL SCALE, INCREASED VISUAL INTEREST, TEXTURAL PATTERN,
AND NATURAL, WEATHERED APPEARANCE TO HARBOR ENTRANCE ZONE. CON-
TRAST WITH NEW BREAKWATER APPEARANCE IN PHOTO 15 ABOVE.
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29 * EAST PIER LOOKING TOWARD SHORE AND UP THE RIVER CHANNEL TO RIGHT OF
CENTER. RANDOMLY PLACED, IRREGULAR SIZE OF INDIVIDUAL STONES GIVE AN IN-
FORMAL APPEARANCE TO PARALLEL PIERS.
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30. EAST PIER AND EAST END OF BREAKWATER. CONSTRUCTION MATERIALS CON-
TRAST QUARRIED STONE WITH STEEL SHEET PILING. SCALE OF MATERIAL MODULES
IS EVIDENT WHEN RELATED TO HUMAN FIGURE IN PHOTO.
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The new detached breakwater was designed as a single purpose structure
to provide an adequate harbor-of-refuge for small craft cruising on Lake Erie
and reduce hazards to vessels in the harbor entrance. Breakwater length,
width, height, and materials were designed as the most economical solution to
the harbor protection problem identified by local interest (see photographs
19, 20, 23). The design form is a harbor protection device with minimal
flashiness. As such, it is an appropriate fit for a shallow draft, small
craft recreational harbor.

11. Materials Textural Compatibility

The physical texture of materials is perceived by observers relative to
their distance form the breakwater. Texture is related to overall design,
module of construction, and the nature of material. Established texture of
the parallel piers is related directly to the stone materials, their size,
and the light-dark patterns created by shadows between the broken stone
(Photographs 29, 30). The breakwater is constructed of a uniformly machined
steel sheet piling with no modular light-dark pattern similar to that of the
quarried stone (Photographs 27 and 28).

12. Level of Overall Maintenance and Condition

The overall condition and maintenance of the harbor entrance was judged
by the appearance of the parallel piers and the breakwater. The appearance
of the parallel piers is generally coarse and natural, owing in part to the
material and manner of construction (Photographs 29 and 30). Age and
weathering have also contributed to overall appearance (Photographs 19 and
28). The breakwater has the appearance of a machined object built from manu-
factured materials, with neat, crisp mechanical lines (Photographs 20, 23,
26). The new structure appears more formal and geometric than the older,
more naturally appearing piers.

13. Related Environmental Phenomena

The construction of the breakwater has changed certain environmental
conditions at the harbor entrance. Wave and surge action have been reduced
and water currents have been altered to some extent. Harbor usage during
fresh weather conditions may have increased, although specific information is
not available to substantiate this. This increase is not believed to have
resulted in a significant change in the aesthetic quality in the harbor area.
Several other effects have been alleged by local citizens, as detailed in
this report. Effects on these items have some impact on the aesthetic
appearance of the area.

CONCLUSIONS

Based on field observations and interviews with boaters and residents, it

is concluded that the general feeling of those interviewed is that the break-
water was designed as a functional structure. It is typical of marine pro-
tective works, being neither beautiful nor offensive. The cumulative effects
of the breakwater appear to have minor importance to the overall importance
of the area.
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Therefore, the District concludes that the general public's view is more
or less neutral on the aesthetics of the breakwater, and a structure of this

type is expected to be found in the harbor environment in which it is
located. For these reasons, no further consideration of mitigation for

aesthetic enhancement is required.
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SUMMARY AND CONCLUSIONS

GENERAL

The latest Vermilion Harbor improvements were completed in July 1974, and
consisted of channel widening and deepening and construction of a detached
breakwater. These improvements were authorized to benefit the existing navi-
gation project. The purpose of this study was to determine whether or not
the detached breakwater is causing any adverse effects for which mitigation
measures should be considered. The study evaluated the impact of the break-
water on: municipal water supply, pollution of recreational swimming areas,
ice formation and jamming, free-flow flooding, sedimentation, navigation, and
aesthetics.

Subsequent to the latest construction, there have been repeated
complaints that the breakwater is causing serious, environmental, health, and
recreational problems in the adjoining area. This study examined each impact
identified and concludes that of these identified impacts, no mitigation of
damages is warranted. A brief summary and conclusions regarding each of the
identified impacts is presented in the following subsections.

MUNICIPAL WATER SUPPLY

There is no evidence that the treated water supplied to the residents of
Vermilion has ever been unsafe to drink. Construction of the breakwater has
altered the pattern of dispersion of Vermilion River water into Lake Erie.
Under certain wind, flow, and/or ice conditions, the concentration of river
water reaching the intake is increased relative to before breakwater
construction, while under other conditions the amount of river water reaching
the intake is reduced.

The breakwater has altered the pattern of dispersion of river water into
Lake Erie. This affects the timing but may or may not alter the frequency
and concentration of river water reaching the municipal water intake. The
Vermilion water treatment plant has the capability and history of producing
safe water at all times. Therefore, remedial measures are not necessary and
mitigation of the impact of the offshore breakwater on the municipal water
supply is not warranted.

SWIMMING AREAS AND BEACHES

Alteration of the river water dispersion pattern resulting from construc-
tion of the breakwater has a bearing on the quality of water in the
recreational swimming areas adjacent to the river mouth. Quantitative water
quality parameters for the beach areas in Vermilion are limited to fecal
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coliform counts. These data indicate that Vermilion area beaches experienced
poor water quality on occasion prior to and following construction of the
offshore breakwater.

Data from City Beach (Main Street) suggests that this recreational area
is not significantly affected by the breakwater. Water quality problems at
this location are often experienced during prevailing southwesterly winds
when the Vermilion River could not be the source of pollution.

Detailed analysis of water quality data and nearshore current patterns
indicate that the Lagoons and Linwood Beaches to the east of the harbor are
affected by the Vermilion River. Current patterns during westerly and south-
westerly winds have been altered by the breakwater, resulting in transport of
river water to the beach areas. Prior to breakwater construction, winds from
these directions forced the area of river influence farther offshore.

The Buffalo District concludes that although the breakwater does deflect
the river discharge to Lagoons and Linwood Beaches for west to south wind
conditions, as well as increasing turbidity and debris, there does not appear
to be a signiticant change in the water quality from a public health
standpoint. No instances of "unsafe" postings for public health or turbidity
and floating debris have been recorded since construction of the breakwater,
so there has been no quantifiable recreational damages caused by the
breakwater. Therefore, the District concluded that mitigation of the impact
of the breakwater on beach pollution is not required, and should not be con-
sidered further.

ICE JAM FLOODING

The formation and behavior of ice is of great significance in small-boat
harbors throughout the Great Lakes. In the Vermilion River, the severest
problem associated with ice is the potential for ice jams and subsequent

flooding.

Generally, the river channel area becomes solidly frozen sometime in
early January. From this time on, the primary motion of ice is in the lake,
where continuous breaking up and transporting of blocks with the winds and
currents takes place. Since the breakwater has been constructed, during most
winters the entire nearshore lake area becomes frozen, and windrows may form
significant "walls" near the harbor mouth.

The process of ice breakup is initiated by high temperatures and/or rain-
fall melting and weakening the ice. Ice is broken by the hydraulic force of
the river into blocks and sheets, which flow with the river currents until
they reach the open lake or get stuck on some obstacle. Ice frequently jams
at the many obstacles, channel constrictions, and bends present in the
Vermilion River. It has been shown that the breakwater has not had a signif-
icant effect on transport in the river channel since the critical factors
have not been affected.

Unlike the river channel, the area adjacent to the harbor jetties has
undergone major change in regards to ice formation since the construction of
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the offshore breakwater. While the strong, thick ice blockage was previously
across the northern ends of the harbor piers, the addition of the breakwater
has served to displace the windrow ice 200 to 500 feet to the east and west
of the jetties.

When a major ice jam forms, the blockage must be freed to alleviate the
potential flooding due to the water level rise upstream from the jam. The
citizens of Vermilion have relied on ice breaking vessels in the past; these
include a small city icebreaker, steel-hulled fishing boat, a 60-foot tug
boat, and, on occasion, a 110-foot U. S. Coast Guard ice breaker.

The Coast Guard ice breaking fleet on Lake Erie is presently in a state
of change. The Coast Guard reports that the 110-foot class vessels used in
the past will be replaced with a larger, more efficient vessel class. The
larger 140-foot class icebreaker has a 12.5-foot draft and requires a 15-foot
water depth for safe ice breaking operation. This changed condition is not
dependent on the detached breakwater and its impacts cannot be handled under
this report. The appropriate legislative authority would be Section 216 of
Public Law 91-611 (River and Harbor and Flood Control Act of 1970) which,
when found advisable, authorizes a review of and report to Congress on the
operation of completed projects with conditions that have significantly
changed. This report to Congress should be in the form of a separate letter
report on the modification of the existing navigation project due to changed
ice breaking operations by the U. S. Coast Guard. Congressional
Authorization is required to perform the additional deepening.

In summary, the location of potential ice jams in the harbor mouth region
has been affected by the breakwater. Jams used to occur at the pier ends;
they now occur anywhere from the pier ends to the east end of the breakwater.
The primary problem is still to provide an outlet to the lake for the ice.
Efforts to provide this path appear to have been hampered by the curved
alignment of the new east lake approach channel. The probability of Jams
occurring is now less than in the prebreakwater period, due to elimination of
windrow at the mouth. However, when serious jams occur, more difficulty is
expected in breaking them up.

FREE-FLOW FLOODING

Based on the studies performed by Stanley Consultants, it is concluded
that the detached breakwater has a negligible effect on free-flow flooding in
the developed areas along the Vermilion River. Therefore, no further con-
sideration of mitigation for free-flow flooding is warranted.

However, it must be recognized that flooding along the river will occur
when the river channel capacity is exceeded such as happened in July 1969 and
at other times before the breakwater was constructed.

SEDIMENTATION

The natural backwater effect of Lake Erie enhances sedimentation in both
the river and lagoon area by reducing the hydraulic gradient and slowing the
velocity of the river. In the period following construction of the
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breakwater, scouring action during periods of high discharge has kept the
main (center) channel close to project depths. Bends in the river, however,

have shifted somewhat by eroding on one side of the river, with sediment
buildup on the other. This is caused by natural processes and is not
influenced by the breakwater.

Since the breakwater has no significant effect on the flow velocity in
the Vermilion River, it has no effect on the rate of sediment accumulation in
the lagoons or river channel. Therefore, mitigation of sediment accumulation
in the lagoons and river channel is not required. However, it appears that
the offshore breakwater does cause some sedimentation in the lake approach
channels and may possibly increase the rate of sediment accumulation along
the edge of the river entrance channel near the east pier. Since mitigation

of this effect is already provided in the form of periodic maintenance
dredging, it is concluded that no further action is necessary for mitigation
of additional harbor sedimentation caused by the detached breakwater.

NAVIGATION

The overall conclusion of the investigation is that the breakwater has
accomplished its design purpose of providing an area sheltered from high
waves and surge.

Several adverse effects on navigation have also been identified. A

congested zone between the breakwater and the piers has been created, and
zones of limited visibility now exist at the ends of the breakwater. The
approach channel alignment now involves two turns, a factor which is par-
ticularly Important when visibility is limited.

The majority of local boaters contacted felt that the beneficial aspects

of wave and surge reduction outweigh the inconvenience associated with occa-
sional congestion and the requirement for increased caution in the vicinity
of the breakwater. It is concluded that no significant hazards to navigation
have been created by the presence of the breakwater and consideration of spe-
cific hazard mitigation measures is not warranted.

AESTHETICS

The question of whether the overall beauty of the area is enhanced or

degraded by the breakwater is very subjective. The general feeling among
boaters and residents is that the breakwater was designed as a functional

structure and that it is typical of marine appurtenances, being neither
beautiful nor offensive. The cumulative aesthetic effects of the breakwater
appear to have minor importance to the overall appearance of the area, and no
consideration of mitigation measures is warranted.
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RECOMMENDATIONS

Based on the studies performed and the conclusions reached as a result of
these studies, recommendations regarding the seven breakwater impacts studied
are as follows:

a. No further consideration be given or action taken on mitigation for:

(1) Contamination of the Vermilion Municipal Water Supply;

(2) Pollution of adjacent swimming areas and beaches;

(3) Ice-Jam flooding;

(4) Free-flow flooding;

(5) Hazards to navigation;

(6) Aesthetics.

b. For sedimentation, continue the authorized harbor maintenancz
dredging program.

c. If requested by the local sponsor, a separate letter report be pre-
pared by the District specifically to obtain Congressional authorization
under Section 216 of the River and Harbor Act of 1970 to deepen the East Lake
Approach Channel and the Entrance Channel from -12 feet LWD to -15 feet to
permit ice breaking operations by the new class of 140-foot Coast Guard
vessel recently introduced on the Great Lakes. It is emphasized that no
action would be required at Vermilion Harbor if the 110-foot cutter pre-
viously operating on Lake Erie had not been replaced by the Coast Guard.
Thus, the proposed action is to maintain the status quo for ice breaking
operations and not to pro, le a betterment.

31BERTR. HARiMAt N
Colonel, Corps of Engineers
District Engineer
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Vermilion Harbor
Vermilion, Ohio

Impact Study of the
Detached Breakwater

APPENDIX A

General Correspondence

U.S. Army Engineer District, Buffalo
1776 Niagara Street
Buffalo, NY 14207
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CITY HALL

~ 62~5,1 1~/~,736 MAIN STREET
~1,v'tv..etJ tKi4'ecnE~ VERMII ION, OHIO 4409

i AREA CODE 216/967.5517

May 1, 1980

Donald M. Liddell
Chief, Engineering Division
Department of The Army
Buffalo District, Corps of Engineers
1776 Niagara Street
Buffalo, New York, 14207

Dear Mr. Liddell:

Thank you for providing zopies of Tetra Tech's Draft Report of April
1980 to each member of the Vermilion Port Authority.

You requested our comments by : April 1980, however, some of us did
not receive our copies until as late as 22 April 1980... Even though
we called a special executive work session on 24 April, two to three
days did not allow enough time to properly review this report in a
manner which it deserved.

It would appear to us that Alternative No. 3 would be our choice only
because of the benefit/cost factor. This is not to say other 'lter-
natives might have been a better choice over the long term had we had
more time for study.

One alternative the report did not cover that might be worth investi-
gating is the beach nourishment method used at Cedar Point a few years
ago. Specially shaped solid concrete units were laid end to end
parallel to the beach which trapped sand within a short period of time
resulting in a wide sandy beach. This could provide a buffer zone
between the water line and the bluffs. These units were manufactured
by Campbell Construction Company of North Ridgeville Ohio.

Thank you again for your consideration. We apologize for not meeting
your deadline. If, in the future, it would be possible to allow us
at lease two weeks lead time, perhaps our review and comments would
be more meaningful.

If we can be of any assistance in any way, please contact us. The
present mambers of the Vermilion Port Authority are interested and

eager to do all we can to cooperate with the Corps of Engineers and
see Vermilion's harbor and shore line improved.

Sincerely,

Warren L. Wood, Chairman
i&A Vermilion Port Authority

WLW:bz
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UNITED STATES COAST GUARD Ninth Coast Guard District
1240 East 9th St.

Cleveland, Ohio 4199
Phone: 216-522-3981
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1 April 1980

Colonel George P. Johnson
bistrict Engineer, Buffalo District
Corps of Engineers
1776 Niagara Street
Buffalo, New York 14207

Dear Colonel Johnson:

My staff has reviewed Tetra Tech's Draft Report of Special
Impact Study on Ice Jam Flooding in Vcrmilion Harbor, Ohio
(Feb 80). We offer the following comments with regard to
the icebreaking proposals within the Study:

a. A 75-foot channel is extremely narrow for transit
by an icebreaker with a 38-foot beam, especially when un-
marked by buoys. At the least, provision for a range may
be required as an aid to safe navigation of the channel.

b. The control in backing of a 140-foot class ice-
breaker is poor without a well-defined stationary track
through which to back. Again, the 75-foot channel would
present a problem under most ice conditions.

c. From an icebreaking standpoint, a breach detached
breakwater (Alternative 2) would have advantages (e.g., a
straight-in approach, and probably less need to maneuver
shoreward of the breakwater). However, the effectiveness
of that alternative in preventing flooding would not appear
any better than that of 2B.

d. As has always been the case, wind, temperature,
snow cover, river volume, and the level of Lake Erie will
be factors in the success of each individual icebreaking
attempt.

e. We concur with the Study's suggestion that the
City of Vermilion upgrade its local flood relief capabilities
to whatever degree possible.

Thank you for the opportunity to comment on the Study.

R. A. BAUMAN
Captain, U. S. Coast Guard
Chief, Operations Division
By direction of Commander,
Ninth Coast Guard District



March 27, 1980

Colonel George P. Johnson, District Engineer
Department of The Army

Buffalo District, Corps of Engineers
1776 Niagara Street
Buffalo, New York, 14207

Dear Colonel Johnson:

Thank you for furnishing a copy of Tetra Tech's draft report
to each of the members of the Vermilion Port Authority.

It is our opinion, based on this report, that the advantages of
the breakwater out-weigh the disadvantages.

It appears Alternative I would be the most desirable so long as
dredging out the west channel would be included in the operation
to provide for Route I. Deepening this channel would provide
better ingress and egress for the ice breaker, provide an alternate
route and improve flow of flood water and ice out of the river.

While we realize there would be considerable cost for rock removal,
we question the $55.00 unit cost. A more reasonable estimate would
be $14.00 to $16.00. Furthermore, there is a definite probability
that relatively little or no rock would need to be removed.

As to any alterations to the wall, it is our collective opinion
and the opinion of most boaters in this area that the lighting is
totally inadequate, even though it meets regulation. The wall
is a safety hazard at night, as is the unlighted can bouy in the
west channel. This bouy has been hit many times and nearly caused
collisions with other boats on several occasions.

Again, we appreciate the opportunity to work with the Corps in
resolving our difficulties. If there is anything we can co, please
don't hesitate to contact me.

Sincerely,

Warren L. Wood, Chairman
Vermilion Prt Authority

WLW: bz
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Phone 261-1415
Areo Code 412
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MANUFACTURING COMPANY FI-

334 BOULEVARD OF THE ALLIES
PITTSBURGH, PA. 15222

February 12, 1980

Senator Richard S. Schweiker
Senate Office Building
Washington, D. C. 20510

Subject: Vermilion Monstrosity
(Vermilion, Ohio Harbor)

__Reference: Breakwall

Dear Senator Heinz,

Enclosed please find copy of a commentary by Mr.
George Grossman of Cleveland, Ohio relative to the above
subject. In this commentary, he makes several accusations
against the Corp of Engineers, relative to covering up the
change in channel. He also points out that, with the new
ice-breakers, it will be impossible to get them behind the
breakwall. This is true.

With the information, and it had to be realized
from the beginning, available, the installation of this
breakwall had to be ridiculous.

How long do we, as private citizens, have to fight
a government agency, to get one of their "goofs" corrected?

We thank you for reading the attached, and for any
help that you can provide to get this thing corrected, or
eliminated.

I thank you,

Yours ver tr

JWR/ikr "



171. Anber Drive
Cleveland, Ohio 44111

January 21, 1980

WHY THE "IMPROVED" VERMILION HARBOR
IS INHERENTLY HAZARDOUS FOR

COAST GUARD ICE-BREAKING OPERATIONS
by George W. Grossman

1. At the request of local Interests, Vermilion Harbor was "improved" in
1973 with a breakwater and associated changes In the navigation channels. The
plans for these changes are shown In Exhibit A. During the final design stage,
a turning basin for Coast Guard Ice-breakers was considered which would require
additional funds. The Coast Guard also stated on 27 October, 1970 that
"operations in Vermilion Harbor are inherently hazardous and not necessarily
within the capability of our vessels." (Exhibit D)

Despite this warning, plans for "improvements" went forward and the
final design, Exhibit A, was approved April 6, 1971. The Vermilion Port Authority
stated that the plans "present accurately and precisely all details of the
Vermilion Harbor project as agreed upon ..." (Exhibit E)

2. The final design plan shows a primary lake approach channel 12' deep
below low water datum with an approach to the harbor on a SW course. This plan
thus required the Coast Guard to make a 450 right turn to enter the harbor,
followed by a 900 left turn to enter the river channel.

3. The Jan. 30, 1979 public notice on dredging and the Dec. 3, 1979 sound-
ing chart (Exhibits B & C) show that the lake approach channel has been moved to
provide an approach on a due south course. A Coast Guard vessel must now
execute a 900 right turn and then a 900 left turn to enter the river channel.
The centerlines of'these turns are displaced by a distance of only 525 ft. No
Coast Guard vessel 110' long can execute two such 900 turns in confined water
except at a very low speed.

4. The reason for changing the position of the lake approach channel Is
apparent. A StLVapproach as shown in Exhibit A requires passage over a rock out-
cropping (Exhibit C) only 10' below LWD. The 110' Coast Guard vessels draw 12'
of water and would risk running aground in the designed channel. Removal of
this rock shoal would necessitate expensive drilling or blasting. To avoid such
expenditures, the Corps simply changed the location of the lake approach channel.

5* On Dec. 18, 1974, the Corps filed Initial plans with the Chart Branch
of the Dept. of Commerce, showing the approved channel. On March 20, 1975, the
branch received a revised Corps Drawing 64-VER-2/1 showing the change in the
approach channel. Vermilion Is in the legal jurisdiction of the Vermilion Port
Authority. Ohio law requires that any changes in a harbor be given public notice
and public hearing. There was no public notice or hearing and, to my knowledge,
the Port Authority was not Informed of the change.
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6. The change In channel location had an obvious adverse environmental
impact. The change increased the flood hazard to Vermilion by making It more
difficult for ice-breakers to enter the harbor. Under federal law, an environ-
mental Impact statement should have been made p6ior to the change. The Corps
did not do this.

7. The change in channel was made prior to the Sept. 1975 draft EIS on
operation and maintenance of Vermilion Harbor. This important EIS was apparently
falsified to show the harbor as In Exhibit A.

8. Subsequent harbor studies by Stanley Consultants submitted in Hay, 1978
and April, 1978 purported to show the entire history of the harbor to 1976 but
they failed to mention this important change officially filed on March 20, 1975.
Fig. I in each study was very carefully drawn to show a portion of the approved
channel by cross-hatching and dotted lines and the revised channel with dotted
lines only. The existence of the change was shown but was completely concealed
except to very close examination by someone with engineering knowledge.

9. Chapter 5 of the April, 1978 "impact" study Is titled "Impact of the
Offshore Breakwater on Ice Formation and Jamming" constitutes 32 pages of very
excellent technical analysis. Much of this chapter Is concerned with ice-
breaking. (Exhibits F & H) There is no mention of the change In channels in
this chapter, although the change increased the difficulty of Ice-breaking
operations. It would seem that the Corps instructed Stanley Consultants to
conceal knowledge'of the change from the public.

10. At the low speeds now required to make the turns into Vermilion Harbor,
winds and currents become very critical factors in navigation. With a crosswind
or crosscurrent, a ship's heading must be corrected to obtain a given course.
The lower the forward speed of the vessel, the greater the change in heading
needed to achieve the desired resultant course.

Such course corrections are easy to obtain in a straight-in, power-on
approach, particularly with range lights as guides. In the limited area and
gusty winds of Vermilion Harbor, any Coast Guard skipper entering the harbor
with a 110' tug has to be counted as a gambler. The Coast Guard has entered
'the harbor with ice-breakers and might enter again but there is no time or

. space to correct a course for winds or current. Navigating a 110' tug In
Vermilion Harbor is a risky business not consistent with the Coast Guard's
strict "safety of the vessel" attitude. (Refer to Exhibit 0)

II An existing ice jam behind the breakwater also presents a hazard for
the Coast Guard. A jam could let go and force a boat Into the breakwater.
Exhibit F shows how the breakwater has Increased the number of potential
locations for Ice jams.

12. Adequate channel depth for Ice-breakers is an obvious need which has
received much local attention. The Dec. 3, 1979 soundings (Exhibit C) were taken
imediately after $300,000 of dredging. These soundings thus represent the best
available conditions. However, the harbor Is known to fill in with sand very
quickly. The October, 1978 dredging filled back in by Dec. 22, 1978 (Refer to
Corps soundings). A Coast Guard cutter 110' long will not enter in 1980-81 with-
out another dredging Job next fall.



Furthermore, the east channel, even when dredged to 12' below LWD, will
not be deep enough for Ice-breakers when Lake Erie is at Its long-term average
mid-winter level of I' above LWD. (Exhibit G) Thirteen feet of water simply
isn't enough for a boat with a 12' draft. The lake Is now extremely high at 3'
above LWD but this will not always be the case. '.The new 140' Ice-breakers now
coming into service will not be able to enter Vermilion Harbor at any time.

13. The ice formation and Ice-breaking problems created by the breakwater
have been graphically summarized by Stanley Consultants In the "impact" study on
Vermilion Harbor. (Exhibit H) It Is a simple matter for engineers hired by the
Corps to draw a picture of an Ice-breaker zig-zagging Into Vermilion Harbor.
Unfortunately, it Is not that simple In practice. Entering between the piers to
break a jam Is Impossible most of the time.

Conclusion

Under existing conditions, the most that the City of Vermilion can
--expect from the Coast Guard is that the Coast Guard break ice only to the east
end of the breakwater. Anything more Involves unacceptable hazards to Coast
Guard vessels at nearly all times.

1. In the planning stage, the Coast Guard described ice-breaking
conditions as "inherently hazardous".

2. When plans for "improvements" were submitted, the Coast Guard
recognized the increased hazard and recommended a turning basin for ice-
breaker operation.

3. Faced with additional costs In removing rock from the approved channel,
the Corps revised the lake approach channel to make ice-breaking even more
difficult. This change violated federal environmental law. The change %.as not
made with approval of the Vermilion Port Authority and the public and thus
violates Ohio law.

4. The subsequent environmental 'impact statement for operation and
maintenance of Vermilion Harbor was falsified by a showing of the wrong approach
channel. This statement stands in violation of federal law.

5. The Corps subsequently prepared studies on Vermilicn Harbor which

deliberately concealed notice of the channel changes fron the public. This
constitutes abuse of discretion and possibly a criminal offense of conspiracy.

6. The conduct of the Corps has endangered the public health and safety
in Vermilion by Increasing the flood hazard to Vermilion. The Mayor, City
Ccuncil, the Port Authority, and Interested citizens must act immediately to
have sore or all of the breakwater removed to minimize the flood hazard.

ADEQJUATE GROUNDS EXIST rOR SUCH ACTION BY THE CITY.
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CkEK'S OFFICE

P.O. BOX 317

VERMILION, OHIO 44089
JUNE C. RINI

Clerk of C ncl

September 19, 1979

Lt. General John W. Morris
Chief of Engineers

Army Corps of Engineers

1000 Independence Avenue, S.W.

Washington, D.C. 20314

Dear Sir:

Enclosed please find a certified copy of Resolution #79R-13
requesting the Corps to prepare a comprehensive and updated environmental
impact study, which was passed by Vermilion City Council at their meeting
of September 17, 1979.

Your immediate attention will be appreciated.

Sincerely,

J~fe C. Rini
Clerk of Council

jcr
enclosure (
cc: Col. George P. Johnson, District Engineer

Senator John Glenn

Congressman Donald Pease
Mr. George Grossman
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RECORD OF RESOLUTIONS
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fIh'eotition No. 79R-13 . September 17 1,9 79

A RESOLUTION REQUESTING THE UNITED STATES ARMY CORPS OF ENGINEERS TO PREPARE

A COMPREHENSIVE AND UPDATED ENVIRONMENTAL IMPACT SIUDY AS RELATES TO THE

BREAKWATER CONSTRUCTED IN THE MOUTH OF THE VERMILION RIVER FOR THE REASON
THAT THE SAME HAS PRECIPITATED CERTAIN ADVERSE ENVIRONMENTAL EFFECTS WHICH WERE

oUNANTICIPATED; REQUESTING THE CORPS TO ADDRESS BOTH FLOODING AND POLLUTION AND

BEACH EROSION AS A TOTAl. AND OVEIRA[L ENVIRONNENTAL PROBLFM AND DECLARING AN
EMERGENCY.

WHEREAS, it has become evident to responsible citizens and officials
1
of the City of Vermilion, Ohio. that certain adverse environmental impacts have

occurred as the result of the construction of a breakwater at the mouth of the,

SVermilion River.

WHEREAS, certain beach erosion has taken place in proximity thereto

'and severe, far-reaching, and calamitous flood hazard have nearly been

avoided.

WHiREAS, the silting of the Vermilion River in the area of the
,ibreakqater precludes efficient and effective ice breaking operations by the

United States Coast Guard.

~* WHEREAS, if the United States Coast Guard is unable to break ice in

the Vermilion River in the vicinity of the said breakwater, the potential

for calamitous flooding conditions resulting in the far-reaching loss of

property and threat to human safety is inevitable.

WHEREAS, this City Council believes that a comprehensive re-evaluatios

*of said breakwater is imperative in order to protect persons and property

located within the corporate limits of the City of Vermilion and to assure

laccess to the mouth of said River to the United States Coast Gurad.

NOW, THEREFORE, BE ,IT RESOLVED by the Council of the City of

'1 Vermilion, Counties of Erie and Lorain, State of Ohio:

SECTION 1: That acting on behalf of itself, the City Administration,

and all concerned citizens of the City of Vermilion, Ohio, this Council hereby

requests and implores the United States Army Crops of Engineers to undertake,

prepare, and furnish to this City a current, updated, and meaningful

'-environmental impact statement under 40 CFR 1500.1,3 as relates to a breakwater

constructed at the mouth of the Vermilion River wherein this Council hereby

:tdeclares that unanticipated, adverse environmental effects have occurred. It

!is requested that the Corps of Engineers undertake a comprehensive evaluation

-at the benefits from said breakwater as opposed to adversed environmental

';effects from the perspective of the costs to modify or amend such structure.

It is further requested that said study address itself to the breakwater's

impact and potential affect upon flooding, ice breaking, pollution, and erosion

ansessments and that the same be done as a single overall evaluation. It is

hereby requested that such study be undertaken as expediently as possible and

that the Corps solicit imput from concerned and adversely affected loca,'44 * OW
citizenry as well as from the United States Coast Guard, whose ice breaking

operationn have become definitely Impaired due to silting at the mouth of the t
Vermilion River in the vicinity of said breakwater.

SECTION 2: That this Resolution is hereby declared to be an emergency

maslre necessary for the immediate preservation of the public peace, health,

safety and welfare of the City of Vermilion and the inhabitants thereof for

the reason that it IA tmmedinrely necessary to fully evaluato any adverse
c,,vronme.nt, impacts or s9,id breakwater whih wore unanticipated in order

1.protect persons and property within the corporate limits; and provided it

receives the affirmed majority vote of two-thirds or more of those members

elected or appointed to City Council, it shall take effect and go into full
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force immediately after its passage and its approval by the Mayor; otherwise

,it shall take effect at the earliest period allowed by law.

::PASSED- (~3 .4 e
President' Sf Council C

~ATTEST: 4 )e IL Z1/ '''~

C" "Clerk/of Council

APPROVED: 17 - L1-
:', ' -- -,4 -: : . *. ..

Ihereby certify thIs to be a
true and exaCt copy.

,.rk of uncir

/ ",
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George W. Grossman
17125 Amber Drive
Cleveland, Ohio 44111

September 7, 1979

Mr. George Watts
Tetra Tech, Inc
1911 N. Fort Myer Dr.
Arlington, VA 22909

Dear Mr. Watts:

I enjoyed our phone conversation and was pleased to learn that Tetra Tech

is getting the Vermilion studies underway. I understand that you will not be
collecting much additonal field data. The most important elements that Tetra Tech
can add to the existing data are a presentatloA of the historical shoreline con-
tours and the before and after soundings from the fall dredging. We need to know
how quickly the east channel fills in after dredging as this has bearing on the
urgency of mitigation of beach erosion.

I would like to convey my opinion of the accuracy and usefulness of

various parts of Stanley Consultants' work in the Stage 2 Impact and Section 111
studies. My observations cannot be considered unbiased but they have a certain
validity. I have read and reread these reports and compared them with what I see.

Observations on the Stage 2 Inpact StUd

Chapter 2 - Impact on Water Supply - The data is good. Conclusion
ignores point that warmer river water travels on bottom during ice cover period.

The breakwater has affected water quality. However, conditions are within control
of water plant operator except for about one week after ice breakup.

Chapter 4 - Impact on Swi.in g.Area - Reasonably accurate data.

Conclusion' ignores point that river f ow Is almost always diverted eastward.
Light NW to NE winds cause the most objectionable conditions. Swimmers simply

do not go in the water. In the absence of pre-breakwater data, the increase in
pollution from the breakwater cannot be measured. A court has held that the
breakwater has Increased beach pollution but no one can say how much.

Chapter 5 " a in - Excellent work. Figures 5-8 and 5-9 tell

it all. When ice travels laterally along the shore as in Photo 5-1, it will be
trapped behind the breakwater. The breakwater did not eliminate windrows, it
simply changed their location. We have not had severe windrow conditions in the
last six years due to warm weather or complete ice cover. I've seen 15' high
windrows on the Lagoons beach in pre-breakwater days. Similar conditions will
fill the east channel with ice as in Figure 5-9. This chapter should be updated
with the 12' draft and 140' length of the new Katmai Bay class ice breakers.
This could be the only ice breaker available by the winter of 1980-81 accord-
Ing to the Ninth District Coast Guard. The new boats will have trouble entering
Vermilion Harbor in Ice even with the channels at design depth.

C.60

" ,:: "



Page 2
Sept. I, 1979

Chapter 6 - Flood Potential - I do not have the hydraulics knowledge

to evaluate this. From first hand observation of the 1969 flood, I believe the

problem is understated. I think a summer flood will .pile up boats and trailers
behind the breakwater. These traveled 1/2 mile out into the lake in 1969.

Chapter 7 - Sediment Deposition - Good data but I question whether wave
agitation did not aid in cleaning out private channels in pre-breakwater era.
This section should be updated with 1978 and 1979 dredging data.

Chapter 8 - Navigation Hazards - Correct in concluding that breakwater
does not constitute a navigation hazard to "the knowledgeable, well-prepared,
cautious boater." However, many incautious boaters found the breakwater to be of
no assistance on August 5, 1979.

Chapter 9 - Aesthetics - Inconsequential.

Observations on the Stage 2 Section 11Rert

This report Is characterized by Stanley Consultants' recommendation,
P. S-4, that "assuming the beach is_-acceptable in its present state of equilibrium
no further consideration of mitigation for beach erosion is required." Even the
Corps couldn't buy that and subsequently agreed that mitigation was warranted.
The most outraqeous errors are contained in Table 3 and Figure 14 wherein good
horizontal plane historical shoreline data is "converted" to a vertical reference
elevation, low water datum. The October 1937 and April 1968 aerial photos are
almost identical and Figure 14 shows how much error is introduced by this con-
version. Since Tetra Tech will be required to consider mitigation west of the
piers, you should be aware that the Figure 14, historical position of low water
datum contour, has no relation to reality west of the piers.

The Stanley study carefully excludes all consideration of the beach that

extended from 30+OOE to 38+OOE in pre-breakwater days. Even the aerial photos
showinq this beach are omitted. The available aerial photos refute essentially
all of Stanley's theoretical work and therefore they were all omitted. To
explain away the accretion that apparently occurred west of the piers from 1837
to 1854, (Figure 14), Stanley calls the 1835 shoreline an estimate from "a poorly
referenced historical chart." Actually, the IB35 drawing is copied from an 1833
Corps survey that has numerous reference points.

To use the Stanley Stage 2 report, Tetra Tech should simply discard all
of the theoretical data and derived data such as the "historical LWD contour".
Table.6, for example, shows that the net littoral drift is east, leading to a
presumption that the westward shift is just a temporary aberation. On the other
hand, Figure 16 shows a net flow westward around the pier from 1937 to 1968
while Fiqure I1, Sta. 0+00 shows that sand did not extend any closer than 270'
to the end of the east pier in 1967.

1r I would hope that Tetra Tech's Stage 3 report contains the historical

aerial photos and an accurate plot of the historical shoreline contours. This

is what you have delivered to the Detroit District. With this information,
anyone can understand what is happening. A post-dredging contour will be of

further help.
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The following figures and tables in the Stage 2 report have value:

Fig. 3 - Shows how refraction around the dips in the 4 and 6 contours has
kept the beach from forming a large fillet at the east pier in pre-breakwater
era. Also shows 200:1 and 100:1 offshore slopes that keep the sand on the shore.

Fig. 11- Shows pile-up of sand at east pier and extension of sand into
navigation channels.

Table 9 - Observed data only. Shows that beach angle hasn't changed due to
breakwater at Sta. 7, 18+OOE. Indicates that groins will work and that design
shoreline azimuths should be 880 and 850.

I hope these observations are useful to you. I'll admit to a prejudice
about engineering practice that contr!ves theoretical data to support a predeter-
mined conclusion when the observed data doesn't fit. Reviewing the Vermilion
Stage 2 Section 111 report invariably increases my blood pressure. However,
reviewing the work you've done for the Detroit District and the Michigan shore-
line is encouraging.

I hope that your two Stage reports arrive at a joint conclusion that
removal of the breakwater is warranted. However, the enclosed letter to
Colonel Johnson indicates that groins with artificial fill would permit us to
survive in coexistence with the breakwater. fetra Tech has done an admirable
job for the Michigan shore of Lake Michigan with sand transport. On Lake Erie,
we lack the sand supply that exists on Lake Michigan. Much of the shoreline is
armored and dredging removes more sand than is supplied by erosion of bluffs
with 5% or 10% sand content.

Groins and sand fill are the only hope for the Ohio shore of Lake Erie.
However, no one has evolved a groin design suitable for shale bottoms other
than rubble-mound. We need some imaginative, low cost groin designs that can
be used by public agencies and private individuals. I hope your studies will
develop something of this nature for the Lake Erie shore.

Sincerely yours,

..W ..sar

Enc.

cc: Colonel George Johnson
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President: George Grossman
1st V.P.: Robert Eckley
2nd V.P.: David Berns
Secretary: Barbara Scott
Treasurer: Richard Parsons August 22, 1979

STATEMENT FOR HEARING FILE
AUGUST 14, 1979 PUBLIC HEARING
DREDGING OF VERMILION HARBOR

Colonel George P. Johnson
U. S. Army Corps of Engineers
Buffalo District
1776 Niagara St.
Buffalo, New York 14207

Dear Colonel Johnson:

We would like to review the issues brought up at the August 14, 1979
public hearing on Vermilion Harbor, summarize the comments, and then make
recommendations as to how we feel that the issues can be met by the Corps.

Issue #1 - Will dredging be effective?

The purpose of dredging was said by some to be for entry of ice
breakers. The Corps commented that dredging was required to maintain the design
configuration. It was contended that dredging would not maintain design depths
for any reasonable length of time.

Recommendation - Several soundings should be taken after dredging to
determine how long the design depths remain. These sounding charts should be
made available to the Vermilion Port Authority, and to the public as part of the
Vermilion Public Library hearing file.

Issue #2 - Will dredging cause beach damage?

The Corps stated that of the 50,000 c.y. to be dredged, 15,000 c.y.

is sandy mixture suitable for open-lake disposal. This contains beach sand and
it is reasonable to estimate that perhaps 5,000.c.y. to 10,000 c.y. of beach
sand will be removed by dredging.

Recommendation - The dredgings suitable for open-lake disposal should be
sampled regularly and their sand content determined. Beach profiles before and
after dredging should be taken. This information should be made available to

4local officials and the public as in #1.

THE PURPOSE OF LPCOA SHALL SE THE MAINTAINING AND PRESERVING
OP LINWOOC PARK AS THE OUTSTANDING FAMILY SUMMER VACATION AREA
COMPLETE WITH RELIGION. AND SUN . . . AND SHORE . . . AND SEA.

I _ _
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Issue #3 - Can thK sand be restored to the beaches?

Numerous comments asked for sandy sediment, to be placed in updrift
nearshore waters. The current open-lake disposal site was simply carried over

from pre-NEPA days. This existing site is near a prime perch fishing area.

Recommendation - The Corps could consult with Mr. Ray Full, Kishman Fish
Co. to determine if a site change would.affect fishing. Mr. Full is the most
knowledgeable expert available. If he felt that an alternate nearshore site
was available, the District could prepare an environmental assessment and change
the site.

Issue #4 - Should a new EIS be prepared on the breakwater?

The cost of the proposed dredging operation, and the costs of any
damages resulting from dredging, are unanticipated costs resulting from the
breakwater. A new EIS has been requested under 40 CFR 1500.13.

Recommendation - The Corps should prepare an EIS showing total present

costs of the breakwater, and an accurate statement of total benefits.

Please place this statement in the hearing file.

Sincerely yours,

LINWOOD PARK COTTAGE OWNERS ASSN.

ez . resident

4!
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Honorable Jim Odom

Mayor, City of Vermilion
Box 317
Vermilion, Ohio 44089

Dear Jim:

You will recall that on June 12th I sought advice from the Chief
of Engineers, General Morris, concerning the proposed removal of the breakwall
in Vermilion Harbor. Enclosed is the reply I received on July 5th from the
Office of the Chief of Engineers.

Frankly, I'm disappointed in this response. As I read the letter from
General Robinson, it essentially says that you have to ask the Buffalo district
office of the Corps to remove the breakwall if that is your wish. And, upon
receipt of that request the Buffalo office investigates the matter and makes
recommendations. If the District agrees with your position and recommends a
change, then the request has to go through the normal channels of the Corps of
Engineers and the Administration (OMB), and then to Congress as part of the
President's budget message.

In his final paragraph Robinson seems to say that the City's only
alternative if it "disagrees with the Corps findings and conclusions" is to
seek congressional relief---which really means an Act of Congress directing the
Corps to do something different from what it feels needs to be done.

My first reason for unhappiness is the evident delay of the procedure
they outline. That procedure has the sound of a protracted one to me. But,
I don't see much hope for success of any procedure which would seek to shortcut

that course of action. Theoretically, Congress can pass a law at any timewith

or without a report from the Corps of Engineers. However, in reality the House

Public Works Committee and the Water and Energy Resource Subcommittee of the
House Appropriations Committee are extremely unlikely to act---to either author-
ize or appropriate---without having a recommendation from the Corps of Engineers
The second reason for my unhappiness is that the General seems to indicate that

the only ippeal process is to go directly to the Congress, which again means a
battle, initially with the House Public Works Committee, which has traditionally
had very close ties with the Corps of Engineers.

TP
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Jim Odom
July 18, 1979

Page Two

It seems to me that the City has only two courses of action open
to it; one, is to make a formal request to the Buffalo district office of the
Corps asking for removal of the breakwall in order to se, in motion their
review and investigative machinery. If you decide to follow that course of
action I naturally will be more than happy to expedite the proceedings in
every way possible.

Secondly, of course, the City has the right to file suit against

the Corps of Engineers in a federal district court. Not being a lawyer I have
no idea what the prospects for success may be but you might want to explore that
with the City's legal counsel.

In conclusion, Jim, it occurs to me that the resolution passed by
your City Council, on May 21, copy of which was to be "served upon" the Chief
of the District's Corps of Engineers office, may in your judgement serve as your
request to the Corps for removal of the breakwall. However, I would presume that
a follow up letter to that action would be advisable.

Again, I repeat that this office stands ready to be helpful in any
proper and possible way. I express the hope that you will continue to keep me
informed.

Best personal regards.

Sincerely yours,

DON J. PEASE
Member of Congress

DJP:wsm
cc: June C. Rini

P.S. We just recently received the normal "Announcement of Public Hearing"
from Buffalo advising of the August 14th hearing at the Vermilion City
Hall, dealing with the "disposal of 50,000 cubic yards of dredged material
from the Federal Navigation Channel at Vermilion". We will of course
attempt to follow the outcome of that hearing with interest and concern. )

_____ _____ __ I
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.TG. -31hn V. X.orris, Chief of Z.ngineers
Army Corps of ingineers
1000 :n-ependence Avenue SIX
'.ashinpton, D.C. 20314

Dear Ceneral iorris:

I seek advice and guidance from your Office as to the policy of the Corps
concer-ning a r:-quest new, to us and briefly outlined below.

1e are presanted with a situation where the Corps of Engineers put in a
harbor breakwall a number of years ago, and now the mayor and city council
of the city have approved a resolution calling for removal of the breakwall.

?lease advise me, at your earliest convenience, as to the Corps' general
Policy in situations of this sort. For exam pie, what obligation does the Corps
have to be responsive to city officials in such a request.

(1) If the Corps 'were to agree with their findings that the breakwall must
be removed, would an additional appropriation be necessary to cover the cost,
or coild the Corps assume that responsibility within its already appropriated funds?
(2) W€ould any additional authorizing legislation be necessary? (3) If th? Corps
disagrees with the City in question as to the desirability of retaining the breakwall,
what recourse does the city have? And, (4) Is there a precedent for legal action
by the city in a situation of this sort?

It is my unde,-standing that years ago when the breakwall project was under
study, the project was supported by the City. The strongly differing opinion now
i-eld by present city officials requires me to seek an answer to the questions oitlined
above.

I am aware that in August of 1978 the Corps completed a Study of the Impact
of t:,,e Of fshor- Breakwater, addr._ssing the problern urcer iscussion here. It
-'vas c :-rmined in that Study that "the breakwater is adversely affecting two of
t-ie probilem ar'_as, ice-janIT flooding and poor wates quality in s,.,inminv areas
cast :)f the iarbor," and "a study of possible mitigative measures for these problems
--ill ----in this fall". And, I am further aware th.A one or possibly more public
,car'n~s hdve been held on the matter.

THIS STATIONERY PRINTED ON PAPER MAO WITH RECYCLED FIBERS
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z'u %%ii noe thmt I ain not Iozc'ing for a :peci f;, re_ .pxse f ro.-- NO you 7 coioer':r
p.ir:rect, a a~ nd a~yi.3~;J l ppre.-iate 11avina

Your re;ly as to ti-ic pe1~olicy of the Corps in such matters.

Thank you for your prompt reply', to assist me in an accurate and informative
ansxver to my constituents.

Sincerely yours,

Don I. Pease
,,,ember of Congress

DJ P:bwm



tbreakwall 'o~tr
Dy KATH BYLAN mos0t river-front marinas. Water rushed Od-ir ;adi he ard &.. v c l-stur (e@orge

ep.C-7 %.Ulf Writer across, Lake Road for about Wthe hours The PlT'1 1"Ar~ 0..ieii Icr;i I Coat rkard ice cut.
uda''lower dining room at Mcflariey's Restaurant ter Feb 23 Wavn ,fl live-p;,t' ht( of phone

'tMILlO0l-ln the wake of S *wass also flooded when a huge ice jam broke calls hisffice r-cencdi..i~thendm old
tialior Jim Odom Monday angrily call. loose at Mil Hollow arid lodged at the bridge of Callin~g the Corps. Coast G~uard and eveo

0J.2m n rdiae removal of the Army Corps near the restaurant. U.S. Rep Donald J PeAse's WA'ikington office
~i ~Deeu% breakwcall for help.

ood out on th-e per Sunday and (real- R!VEESIDE DRINVE and Olympic Club Under the orders of the Corps the Cost
was standing ont the monster that will residents evrcuated their homes about 13o Guard cutter Karr weat first so Rocky River.
diroen thi city," Odorm told council. am. Sunday, but many Lagoons residents, thet Arrived in Vermilion Raturday to help

V'ermilion) is a test ttbe for the whole who were also warned to leve stye I break up ict
brie comn"runity. The breakwall wan their homes, Odom said. "(Thre Kaw) left Saturday night We didn't
sand constructed hee by the political know where Mfill Hollow was going at that

ion of certain pnrle, Odom charged. Disaster wks averted whet the wall of ice point... begged the Corps to bring the boat
bit thiebreAkwsll. made&aright tur.Jammed, back, and they waited until 12 o'clock (Sun-

ASKING FOR the full support Of then beaded left of the reaksiall and out Into dayl." he said.
in seeding a triter to the Congress, the lake.
id Caot aking for the removal of "It it had stopped, the Lagoons and busi. ODOIt Al-S0 POINTED out the personal

11 befort..we go through a thlee to ness dislrt within seven to tominutes would risks the rity crew took 1n attempting to
flood that we can't prevent," Odomn have be=t updert water." Odom predicted, break up the ice.

Ile mayor sa~d be doubts a d"rage esti- Workers were asked to sign a waiver thaI'
Iwill submit to council a draft of the mats will be set for the flood. they would have no insurance p-mtertion if
-bleb council president Ales Angney they drowned. Odom said.
-ill support. IN IllS REGULARl rsport to city council Reading fromn a C-T article which appear-
it the height of the flood Sunday Monday, Wa vehemenotly denied accusstions, ad Friday, the mayor attacked the opinionof
3, homes in the Iliversldfe Drive and that cdty offic~als ac-ted too slowly In handling Theodore Wakefield that the breakwall dnes
Club ares were flooded as well as the flood, not Cause flooding

Odoms Charged that financial contlributions dramatically decreased in depth between
Over A Period Of many years Influenced local Augnit and December of last year. The Coast
politicians (a build the west pier'. The pies' Guard cutter needs a 12-foot depth to OPer-
was built from federal funds and protects the age, but the river behind the break wall was
area around Wakefield's property, yet red- muchsahaflower e ad
dent.s are denied scelasi because to reach the
pier they must croes private property, he -ODtOM, WHIO WAS applauded by many of
said. .. . the about 20 citizens who attended the meet.

"ALtoDClIg, was backed up by port authority member
"AL00)CTIZENS contribute to the DavelPatterson.

olticl artesad candidates they respect
Iopbe(the mayor) does the same," Wake, "Let there be no doubt that the Iculterl

field replied this morning. Xaw was called away by the Corps of Engi-
neers.i'Xm not too slure if the Corps really

While IllIs true that the public no ltongter ,likes Vermilion,- be said.
has a2-e to the west pier. Wakefield said
nonse Of the homeowners there had ever been Also supporting the mayor wan George
seriously approached by the city to bu a) h Gr~maft, a long-time foe of the breakwall
property alo ite ice It was built in lS73.

ak il Out thtte oy I a letter to the Corps dated Monday,
hdte Chance to gain acess to 220 feet of Gosa hre hts eiet ~

beach eas ftepe through the Great Grsmncagdta oresdin hrs
a s of tnre Soietyr sum dn taken a "devil-may-care attitude towardLahe Hisoricl Sriel Musum. dom flood control.vtoed the lease, Laying there was no proof

the cily would have thie money to maintain Ill. "It is very unfathionable. and a %1,,% of

AThe mayor also prodned a Vermnilion Port weakatea to tie u.- t-aa or make an:, pro p-Authority study showing that the river ration foesa flod- i id.
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21 . ByGAYLJlLACKBURN Area residl and vuttlsokcn

Staff Correspondent breakwater opponent Gevrge
VEHIIION - Although the Vet- Grossman agreed with the Odom.
lion River Valley was saved from the past weekend the city

, .i. 
,
2.0"" "even more flooding damage when ice-breakinlg crew saved the

•, :.an Ice jam dild not become lodged at Lagoons area from a flood and all of

, the point of-t;e Vermilion them saw their own homes and
Breakwater, the city cannot hope businesses flooded like horror
the same will happen in the future. dismanagement. The Buffalo
the mayor said. district of the U.S. Army Corps of

"We are headed for disaster if the Engineers is directly responsible
ice cannot flow freely. We cannot for the flood damage that did occur
depend on Mother Nature every between the Liberty Street bridge
time," Mayor Jim Odom told the ci- and the Olympic Club." Grossman

-,.-. -- - .ty council and concerned area said.
residents during Monday's council The mayor commended all those
meeting. who helped.

The flooding which occurred over "We had fire and police service on
the ps weekend did an undeter- both sides of the river. We are
mined amount of damage to Ver- covered as far as the city crews
milion businesses and residents, were concerned and we kept the
Damage to the area was held to 4 iLne. of communications open. We
minimum because the ice floe were prepared to feed and house
bypassed the breakwater and turn- people for the evening if
ed left at the breakwall, cutting its necesay."
own path which prevented further Odom defended the city's actions
flooding and damage. In trying to prevent the flood.

Odomn predicted the situation "Everything that could be done
could become extremely dangerous had been done," he said. "During
unless something is done soon about the two winters that I have served
the breakwall. as mayor there has been no proper-

"If we don't act soon we will ty damage, to my knowledge, due to
drown the city," Odom said. dynamiting in the river." He also

emphasized the city ice-breaking
boat crew signed waivers becauseINS. .the city provides no protection in

- PINS case of drowning.
- ~~' -~- I o~ for Grossman echoed the mayor's

2 0", Q " • * sentiments. "You jitst couldn't haveB owling ctua had people have it better than they

Awards i did," Grossman said.
in stock at "I intend to contact the U.S. Con-

gress and Senate about the renewal ..
PRETIG PRPADDO of the breakwall before we have a
PREIIrE PRO PADDOCK three or four day flood." Od said.

Si. Sondusky " Odom suggested residents should 'W435 fScott!St. Sn~k
write to their congressman and the

625-7200 U.S. Army Corp of Engineers to re-
,Dlylllol n. $01.1110 p.m. quest removal of the breakwater.

• -" ' <' - . -':- -" .'; , '.- .-" -...
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George W. Grossman
17125 Amber Drive
Cleveland, Ohio 44111
March 5, 1979

I

Colonel Daniel D. Ludwig
U. S. Army Corps of Engineers
Buffalo District
1776 Niagara St.
Buffalo, New York 14207

Dear Colonel Ludwig:

With a background of five years of observation of ice breakup condi-
tions in the Rocky River Valley and Vermilion Valley, I wish to comment on
the flood hazard imposed by the Vermilion Harbor breakwater. I believe that
the Vermilion breakwater has a 95% probability of causing a flood with
damages in excess of $5 million at least once in ten years.

1. Without the breakwater, the city ice-breaking boat and crew led
by Service Director George Phillips, and piloted by Port Authority
Chairman Richard Bulan, can prevent ice-jam flooding downstream
of the railroad bridges 99% of the time under any ice conditions.
They could prevent ice-jam flooding of the Valley Harbor and
Riverside Drive areas about 95% of the time if they did not have
to cope with the breakwater.

The city tug "Jaws", complete with crew in overalls, is not a
very impressive looking vessel. No one would ever believe that
they could clear the river of ice 12"-15" thick--unless they saw
the "Jaws" crew do it. Over the past weekend, these four men
saved the Lagoons area from a flood--and all four saw their own
homes and businesses flooded by Corps mismanagement.

2. The Buffalo District of the Corps is directly responsible for the .
flood damage that did occur between the Liberty Street bridge and
the Olympic Club. The staff of your Cleveland office simply lacks
any qualifications to direct ice-breaking operations. The concept
of introducing an unqualified layer of command between the city
and actual Coast Guard operations is bureaucratic mismanagement
at its worst. The Coast Guard is more than qualified to get to
a harbor. Local officials, particularly those in Vermilion, are
more than qualified to direct the Coast Guard vessel when it
arrives.

When the "Kaw" reached the east end of the breakwater Saturday,
it should have remained there and cleared a pool of broken ice to
the northeast. Then, the Kaw should have slid in alongside the

....hOUcan ~
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March 5, 1979

breakwater, tied up, and kept its propellors going to blow ice
out of the harbor. At daybreak, or possibly even Saturday night,
the city crew could have broken ice up to Riverside Drive and

I prevented the jam at the bridges.

The Corps' decision to send the "Kaw" to Rocky River and Fairport
after it had broken a 50' path to the breakwater was a classic
example of bad judgment. There were other Coast Guard boats
closer to Fairport. Rocky River was already clear. I can con-
cede that the mayors of Rocky River and Lakewood must have
political clout but Rocky River let go Saturday, February 24.
A small jam remained at the CYC docks but it did not hold back
any water. This jam moved out Friday morning, March 2. I
personally phoned your Cleveland office about 1:30 PM Friday
to advise them that any danger to Rocky River had passed.

3. The field tests of the ice-jamming capabilities of the breakwater
have been conducted under optimum rain conditions to date. Twice
in the past week, predicted rains did not materialize. When the
Vermilion River lets go from slow melt off of snow, an ice-jam
forms at Mill Hollow, sticks, and then bypasses water through
the park. An inch of rain, perhaps only a half inch, would pro-
vide enough pressure to move the Mill Hollow jam downriver. When
that jam comes down, it will lock against the breakwater and
cause a flood. It won't matter whether the harbor area is clear
of ice or not.

4. Ice-jam movements down a river are unpredictable. A jam can be
pulled down or pushed down. The jam at Liberty Street was for-
tuitous because the channel is very deep along McGarvey's dock.
Water ran under the jam and pulled ice into Huron Lagoon. Then
the jam was pulled downriver in its entirety. The ice spread out.
When it hit the track created by the city ice breaker, it went
clear to the breakwater before jamming to the bottom in the east
channel. A "push" movement would probably have jammed at the
Water Works and then jammed again at the breakwater. A "pull"
movement of Ice can usually be cleared--a "push" jam movement will
always be halted by the breakwater. We all saw that occur last
year.

5. Flood damages in Vermilion will be increased substantially by a
"devil may care" attitude prevalent among some residents and
businessmen. One local leader with 66 years on the river feels

-I that one or two days a year of flood problems is not serious.
A businessman, noted for his abilities as a raconteur, feels
that the biggest flood problem is getting his customers to move
up a rung on their bar stools as the waters rise. Many lagoons

S,
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residents regarded the events of Sunday, March 4, as the
"Ice Jam Festival" which always follows the "Snowmobile Festival".

This attitude will prove costly when a "push" jam locks up against
the breakwater. The police warned lagoon residents to evacuate in
ample time March 4, but a substantial majority ignored the warning.
Perhaps 200 autos that could have easily been moved up to Linwood
or the shopping center were not moved. It is very unfashionable,
and a show of weakness, to tie up boats or make any preparations
for a flood. This "macho" attitude will continue until the flood
waters hit again. People who recognize the hazard just put their
home up for sale and quietly move out. Only a few lagoons resi-
dents realize that their homes were saved by four men who had their
own properties flooded. I doubt that anyone from the lagoons has
volunteered to help these men with their flood clean-up. And our
leading restauranteur is unlikely to leid them his "great staff"
with experience in flood clean-up.

This attitude will cause somewhere between $1 million and $2 million
of avoidable damages in the next flood. If private insurers
handled flood insurance without government backing, they'd "red
line" many of the homes and businesses in Vermilion.

Conclusion:

Taking all these factors together, I conclude that the Vermilion Harbor
breakwater will cause a flood with $5 million to $10 million in damages on a
frequency of about once every ten years. The Corps has its reports on damages
from the 1959 and 1969 floods prior to the breakwater. A good flood will take
out about 200 automobiles and some 400 boats under existing conditions.

The Corps can continue to field test the ice-jamming characteristics of
the breakwater, but only until 1" of rain on top of a snow pack moves water
down the river rapidly. This has not happened in six years. At that point,
it will be universally recognized that the breakwater has to go.

It is time to address this problem with some reasonable simulation of
good engineering practice. The breakwater, which was a 100% unadulterated
pork barrel project, was never justified. On August 30, 1978, at a public
meeting, I challenged every cost-benefit analysis that the Corps has ever
made on the breakwater. I said that there were no tangible benefits resulting
from the breakwater. An essentially perfect harbor safety record cannot be
improved.

As yet, the Corps has not responded with a revised "benefit" figure.
I request that you do this and that you match such benefits against the cost
of a flood. If you do this in any reasonable manner, you will initiate
action to remove the breakwater at the earliest possible time.

Sincerely yours,

cc: All concerned



September 7, 1978

Department of the Army
Buffalo District, Corps of Engineers2 1776 Niagara Street
Buffalo, NY 14207

Attn: Daniel D. Ludwig, P.E.
Colonel, Corps of Engineers
District Engineer

Subject: Vermilion Breakwall Impact Meeting

Gentlemen:

The Army Corps of Engineers meeting was well conducted and
interesting. I think it unfortunate that other Vermilion
residents, boat owners and business were not represented or
did not make some comment.

Since I made impromptu statement at the meeting I decided I
should cover my comments in writing.

1. As a Vermilion lagoon resident and as a Lagoon Trustee, I
hoped to convey the opinions of a portion of the 130 approxi-
mate lagoon residents.

2. The breakwater has fulfilled the intended protection for
small boat harbor entrance. Some people object to the
difficulty of night visibility, which could be improved.

3. The pollution problem on the beaches definitely exists. The
breakwall deflects river flow and contributes to the beach
pollution. The source of the pollution is the river itself
and EPA efforts should be directed towards improvement.
Under storm conditions and acts of God minimum pollution
limits can be expected to be exceeded.

4. The breakwall is a contributor in'developing ice jam
conditions. My personal opinion is that the breakwall
itself reduces the formation of ice wind rows. The mainte- -.
nance of channel depth or increased depth reduces the
hazard associated with flooding and ice jamming. This
factor was apparently considered by the Corp. when the river
channel and harbor entrances were dredged.

Cont.------

J 4



Dept. of the Army
Buffalo, NY -2-

5. The lagoon residents believe that the breakwall program
has contributed to rapid silting of the Lagoons (primarily
Huron and Superior). Our reasoning is very simple and a
fact of hydraulic flows. When the river channel was
dredged to increase river water flow capacity the
secondary flow channel through the Huron and Superior
lagoons was reduced in flow and velocity. Drop out of
solids as silt is much more rapid with low velocity and
the less turbulent flow than exists in the dredged river
portion. Our experience indicates 30 years for the first
lagoon dredging and only 18 to present time. Dredging
should be done now, and would be critical now if the water
levels were as low as in 1958 and 1959.

6. Based on samples taken from lagoon, river and lake bottom,
it appeared that the organic content was much the same.
In this event it is possible that dredgings could be used
as fill for Linwood Beach with a beach sand topping.

7. My feeling is that the Lagoon people will cooperate once
a program is developed.

I thank you for this opportunity to express some of my thoughts
regarding the breakwater impacts.

Very truly,

Calvin C. Blackman

5419 Park Dr.

Vermilion, OH 44089
CCB/jw

.2.t



George W. Grossman

17125 Amber Drive

Cleveland, Ohio 44111

August 31, 1978

STATEMENT TO PUBLIC MEETING

ON VERMILION HARBOR

Colonel Daniel 0. Ludwig

U. S. Army Corps of Engineers

Buffalo District
1776 Niagara St.
Buffalo, New York 14207

Dear Colonel Ludwig:

The Vermilion Harbor breakwater has been a very poor investment for

the public because (1) the benefits predicted for the project have always been
greatly overestimated, and (2) the social and environmental costs resulting
from the breakwater were not considered prior to construction.

Projected Benefits from Modifying Vermilion Harbor

The first public hearing on the recent changes to Vermilion Harbor
was held 33 years ago on May 3, 1945. At that meeting, the mayor stated that

the village was unable to contribute anything for changing the harbor. Many

of the local citizens were unwilling to pay even a portion of the cost because
they did not envision any benefits from changing the harbor. The events of the
past five years have proved that this initial local evaluation was accurate.

In 1958, when Congress authorized the breakwater, the Corps estimated
annual benefits totaling $107,700 as follows:

50.. Net Profit on increased fish catch $10,100
Savings on losses of fish nets 9,900

Benefits to recreational boaters 77,700

Harbor of refuge 10,000

Congress was told that 58/ of this $107,700 in benefits were "general

benefits to be realized by the nation as a whole", when any effect is obviously
purely local. it is of interest that the benefits from "the increased ease and

convenience afforded existing navigation" were classified as intangible and nc"

given a monetary value.

In 1971, with plans and cost estimates completed, the Corps staled

that the 1956 project costs of $853,000 had inflated 106'/ to $1,757,000. Con-

sequt-ntly, the benefits were also inflated from $107,700 to $229,000 at March,.
1971 price levels. The validity of the $229,000 benefit estimate was questioned

by the Cffice of the Chief of Engineers on 20 January, 1972. Thereupon, the
Buffalo District revised their estimate of tangible benctits on 16 May, 1972

to the following:

Commercial fishing benefits $ 23,200

Recreational boating benefits 442,700

Harbor of refuge benefits 10,000

Total Annual Benefits $475,900
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All of these benefit estimates lack credibility. Even the Corps has
used the S229,000 annual benefit vstimate in the recently issued Suction II1
,yll bus in lieu of the S475,900 ,-sti,,mate. Apparently, the public, the Corps,

and Cangr,2s do not expect an accurate accounting when constructing public works
with U. S. Treasury funds. They look only for justification of the project.
However, the Vermilion breakwater is now assessing us with very real and tangible
costs to restore eroded beaches, control pollution, and minimize flood damage.
It is tiP.e to assess benefits in a way that the public can accept them as
credible.

The Actu, 1 Bnef its to Navit)lation from the Breakwater
Co.nmmrcial Fishing Tan ible Bnefits - None. There are no increased

fish catches or nets to be saved because of the breakwater. Commercial fishermen
had a perfect safety record at the harbor entrance for about 60 years prior to
the breakwatecr. Lake Erie commercial fishermen are skilled and weather-wise.
They listen to the weather radio and make harbor before lake conditions becore
hazardous.

2. Recreational Boating Tangible Benefits - None. Vermilion recre-
ational boaters, for the most part, are also skilled and knowledgeable about
the hazards of Lake Erie weather. With just 2' waves on the lake, there are
few recreational power boaters to be seen. It is uncomfortable to be out there
pitching and rolling. We do see foolhardy boaters hesitate behind the break-
water as they examine oncoming storms before heading home. They frequently will
take the gamble unless the Coast Guard herds them back into harbor. Reckless
boaters are not aided by a breakwater.

Vermilion docks were filled to capacity long before the breakwater was
constructed. Visiting boats were frequently required to raft off because visitor
dock space has always been limited. Any claims that the breakwater increases
harbor usage and sells more boats, dock rentals, gas or marine supplies are
difficult to sustain.

3. Harbor of Refuge Tangible Benefits - None. Vermilion was a harbor
of refuge for over 135 years prior..to the breakwater. As a summer squall would
approach, there was a very orderly and efficient exodus from thu "3ke. Boats
swung into line and came straight into harbor. A harbor of refuge is generally
considered to be a new harbor like Hammond Bay Harbor on Lake Huron.

4. Intangible Navigation Benefits Some. Some boaters can clain "the
increased ease and convenience afforded existing navigation". However, even
this convenience has its price. Stanley Consultants, on page 198 of the impact
stud,, notes increased harbor congestion, restricted visibility, and other navi-
gation problems caused by the breakwater. Stanley also says that these problems
"do not constitute hazards to navigation for the knowledgeable, well-prepared,
cautious boater." That's all we have ever needed for safety in Vermilion
Harbor - knowledgeable, well-prepar,-d, cautious boaters.

• mm• • I I II II I II



Augu,,t 31, 1978

Errk,n ,ou,, "Bnefi I' Account inj in the Section Ill Syllabus

Tht: Ctorps nas .!iploycd tour tables ind ,Levvrcl payu, uf di ,
in the S,,:rion III yllabus to ,upport a new claini that tho breikwatr-r I-,a,

,c r t, li . unant iciX3 tcd bcn-t its of $39,200 a yeu.r b'l increaSinq the total ize
(t V.roi Ilion beach's. Even a cursory audit uf thi : very detailed cluiin of
b,nc t, ti showjs that such a clai: is outrageous.

1. L3ju(jons 8...ach is said to have caiicd 80,000 Cu. Yds. of sand ..hile
Linwood Beach hat. lout only 25,000 cu..y The aource of the extra 5,000 cu.
yd.,. if, the Lai}on.. bt'ci is not revealud. On page 18 of the syl labus, tn,: Csrps
L..t i: .i.tcs thaL the oainLtenance of Linwood bea.ch will require 17,500 cu. yds . f
,and cv-,r, y.ar. ,At that rat,, our losses ovur the past tive years since the
breakwater hafv,: totaled 87,500 cu. yds. An 8y,500 cu. yd. loss to Linrwvd is
balanced sorewhat , ith the a;ount of sand transferred to the Lagoons, ,and the
dI )unt of sand removed by dredging. The actual loss to Linwood is not 25,000
Cu. yds., but 85,000 to 100,000 cu. yds.

2. An annual benefit of $55,600 is claimed for the additional beach
created in the Lagoons. Under CorpA Reg. EP 1165-2-1, no benefits whatsoever
can be allocated for gains in a private beach that is not open to tle public.
The Lacoons Beach is not open to the public.

3. The total loss of Nakomis Beach was not considered. This beach was
100' wide and 500' long. It was a widely used public beach. Even with the
audition of 2,350 cu. yds. of sand in December, 1975, Nakomis Beach has been
lost to the breakwater.

4. Vermilion City Beach,.a public beach, is now no bigger than it was
in 1570 or 1971. The ''gains' shown in Fig. 15 of the syllabus do not exist,
and the annual mionetary gain of $23,200 does not exist. Anyone can see this
by visiting Vermilion City Beach.

The Corps has answered our protests about beach erosion with a counter-
claim that the breakwater has really increased the size of our beaches. That may
be a good political tactic but it .is not good engineering or acceptable account-
ing. Thie Corps has underestimatud the losses to Linwood Beach by a factor of
4 to 25,000 cu. yds. With losses cut in this fashion, it is possible to claim
that tn. breakwater is actually creating beach with a benefit of $39,200 each
year. Th.-n the Corps, on page 18 of the syllabus, can say that removal of the
break .,-atr is "inappropriate" because the breakwater has an overall beneficial
effect on our beaches.

Wt: have wd tchcd a la..(h 300' wide reduced to alim)st nothini,. We
watched the sand mov, west%.ard into the Lagoons Beach, the river, and the

4 harbor. Wet' watched the (Ircdges haul away our sand. A claim that the breakwatr
has crete-ld beach area in Verti lion is beyond belief, and it certainly oes nl-,t
reflect credit on the Corps.
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It i- iO-,t unftrtunatl- that statutory safeguards for the public Viure

direqardd in the pursuance of harbor modifications that were never needed .-Ind
are not neeJed now. W,- cannot qo back and make the Corps and the V-rmi lion Port
Authority coiply with these requircd precautionary procedures. However, the
Corps should discard the various "benefit" estimates that have been presented
over the past 33 years to justify the breakwater because they are not accuratc.

Tih: Corps it., no-.j jsessiny the real cos-ts of repairing daai'es fruw

the b:-.a.cr and prevent inq further damages, and the Corps n:ust also assest,
bter,ct1t', t reali ties. While we dcfinitely need temporary measures to hall
further b.ach erosion, permanent measures should not taken until a fair and
equitable accounting of both costs and benefits ib presented.

The benefits to navigation are minimal. If these benefits are stated
accurately, it will be obvious that they cannot possibly balance the costs thit
have resulted from the brc.akwater.

The breakwater was a very poor investment of public funds. Alter-
nativ,. :1, rej:;oval of tht: breakwater, is the best possible, most beneficial,
and least. exp.nhive solution for Vermilion Harbor.

Sincerely yours,

George W. Grossman

,, m | |-- • i . ...



STANLEY CONSULTANTS

SUITE 404 6659 PEARL ROAD
CLEVELAND, OHIO 44130

4 TELEPHONE: 2161884-7136

March 28, 1978

Colonel Daniel D. Ludwig
District Engineer
Department of the Army
Buffalo District
Corps of Engineers
1776 Niagara Street
Buffalo, New York 14207

Attention: Mr. John Annony, Project Manager

Gent 1 emen:

Re: Summary Status Report
Vermilion Harbor Breakwater Impact Study
March 1 to March 31, 1978

During the past month, work efforts on the Vermilion Harbor study have focused
on completion of the Section I1 shoreline erosion study. The preliminary draft
report on this work element has been finalized and forwarded to your office
for review. We are prepared to discuss your comments on this draft at your
convenience, and will incorporate them into the final report.

During the past month, the ice cover on the Vermilion River broke up and
flowed out into Lake Erie. A visit was made to Vermilion to observe the
expected breakup and operation of the Coast Guard Icebreaker on March 14 and
15. A copy of the memorandum regarding this field investigation is enclosed.
Unfortunately, the ice did not break up at this time, and the icebreaker was
delayed near Toledo. ice breakup and flow from the river actually occurred on
March 21, accompanied by some flooding. Several telephone conversations with
officials at Vermilion provided the details of the event. The enclosed tele-
phone call report summarizes the significant points.

A letter was recently received from Captain Dennis Dougherty, who is the
Commanding Officer of the Coast Guard Icebreaker KAW. He describes in detail
the ice breaking problems related to the configuration of the Vermilion Harbor
entrance channel. His letter is enclosed.

With the submittal of the Section I1 study, the following work tasks remain:

1. Revisions to the Section 111 draft report.

2. Preparation of a work outline for future investigations
CORN regarding mitigation of breakwater impacts.

Ch"eIe bt!
"led b (WINTERNATIONAL CONSULTANTS IN ENGINEERING, ARCHITECTURE, PLANNING. AND MANAGEMENT



F"om TAColonel Daniel D. .wig 3/28/78
From STANLEY CONSUL)^NTS To -__Date

3. Participation In the final public meeting at Vermilion
scheduled for mid-May.

It is estimated that approximately 95 percent of the work has been completed
on the shoreline erosion work element (Contract Modification PO0001). An
invoice covering work completed through March 31 will be sent under separate
cover. The work to be completed under the support requirements, Including the
recent field visit to Vermilion and preparation of the work outline, will be
billed at a later date.

If you have any questions regarding the status of this work, please feel free

to call this office.

Sincerely,

STANLEY CONSULTANTS

J. William Allen
Project Engineer

JWA:Jae:7027

Enclosures

cc: Mr. Bayard Weizenecker

2Page-___



MEMO
To: Files

From: bill Allen Date: iarch 20, 1978

Re. Field Trip to Vermilion to Cbserve
Ice Leaving the River

At the request of the Duffalo District Corps of Engineers. I visited the
Vermilion River and Harbor site on Tuesday and Wednesday. March lt and 15,
to observe the expected breakup of the ice cover and subsequent flow from
the Vermilion River to the lake. This event was expected due to the
prediction of very heavy rainfall in the Vermilion River basin, and the
presence of a prolonged period of high temperatures (above 351. It was
also expected that the Coast Guard Ice breaker KAj would be In Vermilion
on Tuesday to break the Ice at the harbor mouth.

On Tuesday, the wind was from the southwest at 15 to 25 knots, and the
entire river was frozen with Ice In excess of 12 Inches thick. The mouth
area was also frozen to a distance about one-half mile offshore, where
open water could be seen. Water from zero to six Inches deep was flowing
slowly on top of the ice. There was no apparent movement or breakup of

1 i the Ice. There was a significant amount of rain Ionday night, and the
rainfall continued through Tuesday with several heavy periods on Tuesday

K:_ night. The river was also frozen solid at hill 14ollow, approximately four
miles upstream of the haroor tiouth. On 1.ednesday morning, the river had

__ broken up the Ice upstrean, of Hi I ilollow, and had foned a new channel
outside of the banks at 3i11 Hollowi Itself. The water flowed heavily over
the park land, and carie back within the channel several hundred yards
downstream of mill Iollow. The flor was then confined to the channel,
and under the thick ice cover all the way to the harbor mouth. The ica
cover In the vicinity of Vormilion Harbor remained unbroken due to Its
thickness. Several blocks in excess of IG inches thick were observed at
Mill Hollow. The city Ice breaker succeeded In clearing a section near
the Vermillion Yacht Club about 150 feet long. It was very slow going,
however, and they finally abandoned efforts, In spite of additional
assistance from a Loraino Ice breaker nam.ed bravado. The ice breaker KAU
had not appeared as planned, so the mouth of the river re.mained unbroken.

U Reports from the Coast Guard Indicated that the KAW could be expected late
Thursday or Friday. by mid-day tlednesday, the flow at Mill Hollow had
subsided, and it became apparent that the Ice In Verillon Harbor was not
going to break up imminently. John Annony of tne Buffalo istrict accompanied

, ms on this trip, and we decided that we should not wait any longer for the
Ice to break up. I returned to Muscatine Wednesday evening.

SC 1602 Ri



MEMO To: Files March 20, 1378
(Continued) Date

Contact with the Vermilion city officials on Friday afternoon revealed
that the ia breakerCJibw4 had been to Vermilion late Thursday and had
opened the mouth area to $Ie open lake. Hoever, this area quickly
closed up with Ice chunks due to the northerly winds prevailing. The
city has now made a second request for assistance from a Coast Guard
Ice breaker, and Is hopefully awaiting an answer. No further natural
break up of ice In the Vermilion River has occurred. The city Ice breaker
has succeeded In opening the area to the harbor mouth. Local people now
expect the Ice to break when the next heavy rainfall occurs. The Buffalo
District has not yet decided whether or not they will request us to visit
the Vermilion site a second time when the Ice actually goes out.

.NA:st :7027

1 i
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STANLEY CONSULTANTS
TELEPHONE CALL REPORT

Date March 22, 197 Time M. Job No. 7027

To_ Mr. r eorge Phillips At Vermilion, )hio

From Bill Allen, SCI At Muscatine, Iowa

Regarding:

I called Phillips to Inquire about the Ice situation In Vermilion over the
past several days. I have been in frequent contact with Phillips for several
weeks, since he Is the city official in charge of all Ice breakinq efforts.
Phillips Indicated that the Ice had Indeed left the river on Tuesday, March 21,
and significant Ice Jams and related flooding had occurred In the town.

The ice breakup In the lower Vermilion River channel began on Tuesday morning,
and breakup progressed very rapidly. Phillips called the Cleveland Coast (Guard
around 9:00 a.m. to request assistance by either the KA\I or theOJ I31A9 in
breaking up the harbor mouth and providing a channel for the Ice to reach the
open water of Lake Erie. The9Jl13%lXiA finally arrived at Vermilion at aporoxi-
mrately 6:00, by which time a very large Ice Jain had formed at the breakwater and
extended all the way to VcGarvey's Restaurant, which Is one-half mile or so
upstream. Phillins Indicated thnt during the afternoon, ice rushed down the
channel at sneeds up to 10 nles per hour, and i|nacted against the breakwater.
The ice could not flow around the breakwater into open Lake Erie water, and
therefore a jam ranidly backed up In the river channel. Many of the residents
of the Lagoons area were evacuated, and the water rose into the residents' yards.
At this tine, reports as to the vxilnum rise of water are conflicting. tlhether
any significant damage occurred in the Lagoons area is not known.

The JiBi3/A cleared a channel to the open lake during Tuesday eveninq, and the
Ice jam at the mouth broke up and moved Into the lake. By Wednesday morninq,
the river was running hiqh (approximately 4. feet on the gage) and fairly clear
of ice. The tine elapsed from initial breakup until the river was cleared of
ice was only a little over 12 hours.

The critical point is of course whether or not the jam would have occurred
against the frozen lake ice even if the breakwater had not been In place.
It Is Important to note that the jam occurred in the absence of any assistance
from the Coast Guard Icebreakers. Since Ice flowing dnwn the river would have
had no outlet to the open part of the Lake Erie. It is likely that a Jam would
have occurred at the harbor mouth even without the breakwater. However, It Is
Impossible to tell whether or not the jam would have been more or less stable
than the one that occurred on Tuesday. It is true that more flow could
have moved out of the river channel by qoing under the ice, prior tg breakwater
construction, since the breakwater extends completely to the lake floor. The
rise of the water In the Lagoons residential area would be expected to be less
without the breakwater.

Further Attention Required? Yes__ No -By Dote .. ..



J4 S UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY

REGION4 V
230 SOUTH DEARBORN ST.

CHICAGO. ILLINOIS 60604

MAR 2 2 1978
Mr. George W. Grossman
17125 Amber Drive
Cleveland, Ohio 44111

Dear Mr. Grossman:

We are responding to your February 23, 1978, letter requesting the
U.S. Environmental Protection Agency (EPA) to conduct core sampling of
Vermilion Harbor sediments and raw water sampling at the water treat-
ment plant in Vermilion, Ohio. Thank you for updating us on your
involvement with the U.S. Army Corps of Engineers' breakwall at
Vermilion, Ohio and Case No. EBR 77-29, Grossman v. Williams, before
the Environmental Board of Review, State of Ohio.

It should be understood that it is the Corps of Engineers' responsi-
bility to conduct the appropriate sediment sampling and analyses for
each harbor. (U.S. EPA has assisted the Corps of Engineers under an
interagency agreement to perform these tasks but we are reimbursed
for our efforts.) However, sediment analyses must be performed in
a manner acceptable to U.S. EPA; these procedures must comply with
U.S. EPA regulations and guidelines. While our Agency has played
an important role in the past in sediment sampling and testing, the
Corps of Engineers, with our endorsement, is now beginning to have
contractors perform these tasks. It is, and will remain, U.S. EPA's
responsibility to classify a harbor's bottom sediments based upon
the results obtained from sampling and testing for certain biological,
chemical and physical parameters and/or other information about factors
affecting the harbor's aquatic ecosystem.

On February 9, 1978, U.S. EPA proposed an amendment to the National
Interim Primary Drinking Water Regulations to protect the public
health from organic chemical contaminants in drinking water. A
copy of these regulations has been enclosed; the period for public
comments expires on May 31, 1978. U.S. EPA has determined that the
presence of chloroform and other trihalomethanes in drinking water
may have an adverse effect on the health of persons. The maximum
contaminant level (MCL) of .10 mg/l (100 parts per billion) for total
trihalomethanes (TTHM's) is initially applicable only to community
water systems serving populations greater than 75,000 and which add
a disinfectant to the water in any part of the treatment process.
Community water systems serving between 10,000 and 75,000 are only
required to monitor for the level of TTHM's in their systems for one
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year; these monitoring requirements become effective 6 months from7 the date of the promulgation of the proposed amendments - probably

sometime this fall. Since Vermilion's water supply system serves
approximately 12,000 persons, these latter monitoring requirements
would apply to the Vermilion water supply system.

The data obtained from this mandatory monitoring will assist U.S. EPA

in assessing the magnitude of TTHM concentrations in systems within
the 10,000 to 75,000 population range and in making determinations

as to the need and feasibility of revised regulations in that size
category. While guidelines currently exist for monitoring TTHM's,
no laboratories in Ohio have been certified by U.S. EPA to conduct
TTHM testing. Certification of laboratories in the State would
be necessary before monitoring requirements become effective.

Your concern for environmental protection is appreciated. Should you
wish to express any addicional concerns, please contact Mr. Robert Kay
at 312/353-2307.

Sincerely yours,

eorge R. Alexander, J
Regional Administrator

Enclosure

IC
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DEPARTMENT OF TRANSPORTATION Add a, ,,opy to:
Commanding OfficerUNITED STATES COAST GUARD US.GC KAW (.YT.'-61)
1055 East Ninth Street
Cleveland, Chio 44114

16150
26 February 1978

Stanley Consultants, Inc.
Attention: Mr. J. William Allen
Stanley Building
Muscatine, Iowa 52761

Dear Mr. Allen

1. I received your letter of 3 February 1978, on 14 February, and must
apoligize for the tardy reply. A full operational schedule along with
the emergency drydocking we are presently undergoing in Sturgeon Bay,
Wis., has prevented me from giving your letter the prompt attention it
deserves. The opinions expressed below are my owm personral opinions
and should in no way be considered as Coast Guard opinions on this
matter.

2. There are two distinct icebreaking problem areas in the Verrmilion
Harbor: the lake approach channel inside the detached breakwater, and
the entrance channel upstream from the Verr.ilion and East Pier lights.
I cannot comment on icebreaking problems prior to construction of the
breakwater as I have no experience in this area under those conditions.

3. Icebreaking in the lake approach channel up to the Vermilion light
can usually be accomplished without undue risk, as long as there is
adequate water depth and wind conditions are favorable. Shoaling inside
the channel limits to less than a 14 foot depth would restrict or exclude
icebreaking operations by a vessel such as the Kaw.

4. Icebreaking in the entrance channel upstream from the Vermilion and
East Pier lights is extremely hazardous and cannot safely be conducted
under any conditions. The need to make a 90 degree turn to the left to
get around the end of the East Pier, in the limited area available with
shoal water and stone rip rap present along both piers, creates a sit-
uation where the probability of grounding and/or damage exceeds the
possibility of a successful entrance into the channel. Once in the
channel there is no place to turn around. Backing a vessel with the
characteristics of the Kaw out of this channel is very di.-ficult, and
again the shallow water and rip rap along the sides of this narrow
channel present3 unacceptable hazards. This situation can further be
complicated by the strong current that is present during the Spring.
In addition to making it more difficult to make the turn around the
end of the East Pier, the debris, such as tree leaves ard other small
materials carried in the run-off, rapidly clog the I Ain Engine cooling
water strainers.
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5. If it is necessary to have a vessel such as the Kaw break ice in
the entrance channel, I suggest that a sheet pile bulkhead be installed
on the inside and around the ends of both piers with dredging up to
the bulkheads to provide 14 foot of water. This would eliminate or
reduce the hazards associated with icebreaking in the area to acceptable

n .its.

Sincere

Co~anding .officr_ /-

U 'C (;,
SCGC AW (VYTQ 1
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Lt. Col. Byron G. Walker
Department of the Army
Buffalo District, Corps of Engineers
1776 Niagara Street
Buffalo, New York 14207

Dear Lt. Colonel Byron G. Walker;

I am writing this letter on behalf of the Linwood Park Cottage Owners Association,
Vermilion, Ohio. Ref: Draft Enviranmental Impact Statement on Operation and
Maintenance of Vermilion Harbor per Notice Federal Register, September 26. 1975,
p. 44349.

The Linwood Fark Cottage Owners Association (LCOA) represents the lessees who
maintain property in the park. Our membership includes people from across the
United States. Linwood Park is a tradition. I. has been built by 92 ye-rs of
dedicated work and direction by the directors of Linwood Park Company, LCOA, and
t!e relnii ., -'nril of Linwood. It represents a unioue place in our lives and
those oi Livuzaa. : ------- o c -- -- tou 1-=Vz tceo~ t an. eh

clear waters for a variety of recreational purposes.

Today, however, Linwood is different, and for most of us that difference is for
the worst. In 1973 the U.S. Army.Corps of Engineers built a breakwater at the
mouth of the Vermilion River. Se feel that this wall is the cause of "that
difference." The reasons for erecting the wall were probably sound at the time,
but events of the last few years suggest that any proposed benefits from the wall
have been ovorshadowed by actual results.

As a concerned leses and President of the LCQA. I feel that you should understind
what has happened to our environment since the construction of the breakwall...

I. Acres of our sandy beach have eroded drastically in many areas;

I. Our clear waters have become polluted and unsafe for swimming;

Ill. The natural flow of the Vermilion River has been diverted away
from the caster of the lake to our shoreline;

IV. The river channel is narrow and shallower, which hampers our boaters'
access to the lake proper; and

V. Our dtinkinm water haa become unpalatable.

FILE COPI 1

PUed bj



Page 2

The net result to our environment since 1973 has been detrimental to our area
and saused many adverse feelings among our residents. All of us come to Linwood
for a great many reasons; the Corps of Engineers came for a specific one. Yet.
if we examine the stated goals of the forps we find their goals tot unlike our

own, for each of us are concerned about the environment and its enjoyment by
al people.

The stated missions of the Corps are dedicated to accomplishing basic environmental
goals which include the following:

I. Be responsible to the full range of social, economic, and other keeds

in use of cater and related resources;

II. Balance environmental quality and development by providing the widest
possible range of beneficial uses of the environment without
environmental abuse, risk to health cr safety, or other unintended,
unanticipated, and undesirable consequences;

III Arrest and abate the degradation and deterioriation of our physical
biological, and cultural environment;

IV. Give environmental values full consideration in decision-makin along

with technical and economic considerations;

V. Consider a full range of alternatives to solving mans problems and
meeting his needs;

• , ApJi noa-structulal W.'tn =ere r .- "apply t:Cn, iSz

creatively and imaginatively with concern for their Impacts on
environmental quality.

I'm sure you'll agree that the situation warrants a solution...a solution
which will be ameanable to all parties concerned. I am confident that through
mutual cooperation with your department, the Corps of Engineers, and the L0OA.
we can once again enjoy the benefits Linwood Park has to offer its leasees
and quests.

I would like to suggest that this letter oe included in the final envircnmental
impact report due in December of this year (1975). Please feel free to cor:act
me for any reasons concerning the issues rtated above. Thank you for your time
and cooperation.

Dr. F.F. Peterka

cc: Mr. Norman White, First Vice-President
Dr. George Keidel, 3econd Vic*-;resident
Mrs. Hazel Cramer, Secretary
Mrs. Adelle Baker, Treasurer
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Lt. Coneral W, C. Gribbla, Jr. October 30, 191.S

Ytour proupt resranso to this letter wLit bea ppreciated..

Vith best regards,

W!LLIMt S. :CORI.-'AD
Cha.irman



Oho Department of Natural Resources
Fountair. Si-"- • Co,,!.bus. Ohio 4322. - . -6 6-3770

September 10, 1975

Pbert C. Gorman
Certified Public Accountant
215 Court Street
Elyria, Ohio 44035

Dear %r. Gorman:

Governor Rhodes has asked me to respond to your letter of
August 27, 1975 concerning the Vermilion River breakmter,
which was constructed by the Corps of Engineers at the request
of the constituents from the City of Vermilion.

As a result of a meeting held in Vermilion on April 22, 1975,
the Coros of Engineers h s iaiLiuLed itudy Lu det,d6 u. -he }
possible adverse effects from construction of the breakater.
Please be advised that the Ohio Department of Natural Resources
is strongly interested in this study, and will review and
evaluate the results of the study whei it is completed.

Your interest and concern in this matter are appreciated.

Sincerely,

ROBERT W. TEATER

Director

R,',T/sl

cc: /Corps of Engineers, Buffalo District

-)
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RUTLEDX ." EQUIPMENT CCvIPANY

FLOOD LIGHTING EQUIPENT , GASOLINE AND OIL EQUIPMENT

Tr.LEPH-,NF.. - .141 334 BOULPVAliD O-m '4 ALLILS
AREA CODE: 412 PITTSBURGH, PA 15222

August 27, 1975

It. General William C. Gribble, JR
Office of Chief of Engineers
Dept. of the Army
.ashington, D.C. 20314

SU3JECTs Lake Brealater, Vermillion, Ohio

Dear General Gribble:

This writer has become cognizant of Mr. George Grossmans letter of August
18, 1975 directed to you, relative to the Corps of Engineers construction
of the Vermillion harbor breakwater which has actually become a threat to
a large percentage of the Vermillion population.

In addition to being a boat harbor, the lagoon area itself includes the
residences of approxamately 75-100 families. The value of these residences
t=tals to several million dollars.

A blockage of flow caused by the breakwall at the mouth of the Vermillion
River provides enough back-up during the witter season, as a result of ice
jams and etc., t- at all of these residences are threatened by flood each
and every year, if there is cnough ice build-up on the river and at the
nuth of the river. Fortunately for the last two years it has not provided
such a build-up. It was very close this past winter (Jan.-Feb., 1975).
The past two v.inters have been basically open seasons as far as cold
weather and freezing were concerned. Prior years have been sufficiently cold
for a sufficient length of tine to provide ice build-up, even without the
Breakwall to threaten these residences. With the Breakwall, the build-up
would almrost insure the total floodinu and damage of a good portion, if not
All of these above mentioned residences.

This writer is personally interested in the elimination of this breakwall,
or the total revision of it, in as much as he is a resident of Linwood
Park, whose swimaing beach area is just to the east of the breakwall.

George Grosusan has provided you with arial photographs of the breakwall,
the river routh, and the adjacent areas; which greatly illustrates the
ttal movwxent of our Lixi.4ood Park beach area to the west wichis a direct
result of the brrsakwall blockage of the normal wave action from the north
west, on our len~th of beach. As Permitts, the northeast storms and any
nrtheast turbulance tomove the sano from the beach in a westwardly direction,
which has not only greatly reduced the depth of our Liuwood park beach, but
which has provided tucih a build-utp as f front of zand in front of the
lagoon area, it actually ashas over the east pier and provided sand
bars in the river mouth itseif, which of course, creats a blockAge of traveL
in and out of the river. It has been necessary, in the short period of

_ IIl. -
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time that the breakall has existed, to actually dredge the river on two
or three occasions in order to kcep te channel open. The underwater sand
at the lake edge has been totally w.shed away from the eastern end of the
Linwood beach area. The beach depth has been reduced in the short time the
breakwall has been in existance by approximately 50-60%. When you loose
50-607. of your beach area in a. 2 year period, as a direct result of a Corps
of Engineers "Goof-up", it should follow that the Corps of Engineers should
be directly responsible for restroation of the origional situation, and
elimination of the cause, of course, with intervening monetary damages
which could be considerable; or by the Federal goverent, which created
this situation in the first place.

I personally feel that the most irritating thing about this situation is
the fact that various residents of Linwood Park, Vermillion, Ohio, met with
representatives from the Corps of Engineers at the time construction was
going on. We expressed the direct conviction that the construction of this
wall would cause the exact effects that have taken place. We were assured
by the Corps of Engineers representives that we were totally wrong in that
none of this action would take place.

As a result of the Corps Construction, we have left beach and are in the
process of heading toward "No Beach". le now have dirty, poluted water
being trapped along the beach line due to the fact that the overflow of
the river and the lake has been diverted to provide flow of the river sed-
Iment, garbage, and etc. onto and along our Linwood Beach.

The Writer wishes to request your opinion in view of the above information,
and in view of Mr. George Grossman's letter, How long it will take the
Corps to come to the same conclusion that we have and in turn, how long it
will take the Corps to modify or remove the breakwall that has caused these
problems.

In as much as the writer is personally a resident of Pittsburgh, Pa., and a
sumner vacationist in Linwood Park, Vermillion, Ohio; he is providing a
sopy of this letter and a copy of Mr. Grossman's letter to Honerable Charles
A. Hasher, Pennsylvania Senators ilonerable Hugh Scott and the Honorable
Richard Schweiker and to Congressman William S. Moorehead.

We wish to thank you for your consideration of the above stated requests. )
The wrtier feels that this is 3 serious problem and that the speediest of
repUes and considered action is of the utmost.

a ys e truly,-

Jo W, Rutledge

ii .. !JU~icar



( City of Vermiliof.
07fICe Of THE MAYOR

- '-736 Main Street
JACK ARMSTRONG, MAYOR P.O. Box 317

Vermilion, Ohio 44089

Phone: 967-5517 or 967-6777

May 7, 1Q75

The Honorable Charles A. Mosher
U.S. House of Representatives
2442 Rayburn Building
Washington, D.C.

Dear Congressman Mosher:

As you are undoubtedly aware, we have a tentative meeting
scheduled with Colonel Hughes of the Corps of Engineers at your
office on June 16.

Since the date for the meeting was established some time
ago and no definite time set, it is my feeling that we should
perhaps correspond as to details and intent.

We are most interested in attempting to obtain funding
to either extend or protect our water intake. As you know, the
intake lies within our new breakwall, which, by the way, is
doing the job for.which it was intended. However, the concern
regarding our water system is very real and something must be
done. We have considered the possibility of a crib to protect
the intake. It is my hope that Colonel Hughes's knowledge will
help us decide which way to go with this problem.

I will be waiting to hear from you concerning the meeting,

and any assistance you could render would be most appreciated.

Sincerely yours,C•

a R..Arstrong, Mayor/of Vermilion, Ohio

JRAunel
~ copy: Colonel Bernard Hughes%,-

Chocked by
Filedbw



.C City of Vermilion
OFFICE OF THE MAYOR

. 736 Main Street
JACK ARMSTRONG, MAYOR P.O. Box 317

Vermilion, Ohio 4A089

Phone: 967-5517 or 967-6777

April 11, 1975

Colonel Bernard Hughes
U.S. Army Corps of Engineers
1776 Niagara Street
Buffalo, New York 14207

Dear Colonel Hughes:

On April 22, 1975, at 7:30 P.M., we will be holding a
"Town Meeting" at the City Hall to discuss the public concern
regarding our breakwall.

We feel this will give the citizens an opportunity to
express their concern; and in turn receive intelligent answers
to their inquiries. Many citizens in Vermilion are either new
to our area or have forgotten the original reasoning and intent
for the construction of the breakwall.

The meeting will be attended by representatives from the
Ohio Department of Natural Resources and a representative from
Congressman osher's office. It would be most helpful and
greatly appreciated if you or a representative from the Corps
could attend.

Thanking you for your continued interest, I remain,

Sincerely yours,

iik R . Ar t t ng, Mayor

JRA:mnel

9=COP1M
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EXECUTIVE SUMMARY

This report evaluates three harbor design options that seek to

al iate the threat of flooding caused by ice jam formation on the Vermilion

River, Ohio. These alternatives include:

1) Additional channel dredging to accomodate U.S. Coast Guard

ice breaking vessels;

2) Creation of a200-foot wide gap in the Vermilion Harbor off-

shore breakwater to allow ice floes to pass from the river channel
directly into the lakes additional dredging is also required to

allow Coast Guard ice-breaking operations;

3) Complete removal of the offshore breakwater;

4) No Action.

The Corps of Engineers states in the Scope of Work for this contract

that "the state-of-the-art does not permit quantification of the impact or

the damages attributable to the detached breakwater" (as regards flooding

caused by ice jam formation). For this reason, an economic analysis com-

paring the benefits and costs of each option was not included in this study.

The locations of ice jam formation on the Vermilion River have been
well documented both before and after the construction of the offshore

breakwater in 1973. Since 1973, no change in jam location has occurred

upstream of the harbor entrance piers. Ice windrows that previously formed

across the harbor pier ends prior to the 1973 construction now form

at the offshore breakwater, a distance of 300 feet lakeward of the pre-
breakwater position.

This physical separation of ice windrows from the river outflow at
the pier ends results in a decrease in probability of ice jam formation at

the river mouth. Scientists from the U.S. Army Cold Regions Research and

Engineering Laboratory have expressed the opinion that the offshore break-

water servesa beneficial role in preventing ice jam flooding at the Ver-

milion Harbor entrance.

I'



U.S. Coast Guard ice-breaking vessels have historically performed
ice jam clearance in the Vermilion Harbor entrance. The construction of the

breakwater in 1973 has created additional navigational difficulty for these
vessels by requiring more complex maneuvering in order to enter the harbor.

This difficulty to date, however, has not prohibited the entrance of ice

breaking vessels. It is acknowledged, however, that a higher level of risk

is associated with harbor entry at present than that of the pre-breakwater
period when a "straight-in" vessel approach to the harbor was used. The 110-

foot Coast Guard vessel ARUNDEL entered the harbor to break ice in February,

1980, thus, indicating that the harbor entrance allows ice-breaking operations

for the class of Coast Guard vessel in operation at the time of design and
construction of the breakwater. However, the Coast Guard has recently intro-

duced a new vessel class that will serve as the principal icebreaker for

Lake Erie. This new vessel will have a length of 140 feet and will require
15 feet of water depth to safely navigate (this is 3 feet greater than the

presently authorized 12-foot channel in Vermilion Harbor). It is the pur-

pose of this study to determine which of the four alternatives mentioned

previously should be implemented to decrease the threat and severity of

future ice jamming for the following conditions:

Design Condition #1: Ice breaking by the new, 140-foot ice breaker that re-

quires 15 feet of water depth (3 feet more than that which presently exists) to
navigate in Vermilion Harbor. Creation of additional channel depth over

the presently authoriz d 12-foot limit will require Congressional authoriza-

tion.

Design Condition #2: Ice breaking performed by the 110-foot ice breaker that
has been traditionally used at Vermilion and for which the present harbor pro-

ject was designed, authorized, and constructed.

The criteria with which the various harbor entrance modification al-

ternatives were judged are as follows:

o Ability to reduce ice jam potential;

o Navigational safety during ice-free periods;

o Engineering feasibility (construction and maintenance);

o Effect on beach stability along adjacent shores;

5;!



o Environmental impact;

o Cost

Recommendation For Design Condition #1 (140-foot Ice Breaker):

For the new, 140-foot ice breaking vessel, the recommended alternative

to minimize the threat of ice jam flooding at the Vermilion Harbor entrance

is the dredging of a 15-foot deep channel in the east harbor entrance to pro-

vide sufficient depth for the new vessel to maneuver. The total cost of

creating this new channel is $186,700. This figure represents the addi-

tional dredge cost over the presently authorized maintenance of the twelve

foot entrance channel.

The alternative calling for deepening the west approach channel to 15

feet to accomodate transit of the 140-footer was rejected due to the very

high cost associated with rock removal at that location. In addition, ice

breaking through the west channel is not needed if ice breaker operations in

the east channel are successful.

The two alternatives that require the removal of all or part of the

offshore breakwater were bot" rejected for Design Condition #1 due to the

following weaknesses:

1) Lack of evidence that these options would indeed lower the probability

of ice jam occurrence;

2) Negative impact that breakwater modification or removal would have on

safe navigation during ice-free periods;,

3) High cost.

The recommended alternative for Design Condition #1 is designed to allow

easier passage of the new 140-foot Coast Guard ice-breaker through the windrow

zone at the harbor entrance. Also, the additional dredging of the east

channel to a depth of -15 feet (LWD) will allow a greater depth over which ice

floes can pass before grounding on the lake bed. This should provide sufficient

depth for the river discharge to pass beneath the ice field at this location.

I



A ranking of the alternatives for Design Condition #1 was performed

based upon the criteria specified above. The "No Action" alternative was

judged to be just slightly less desirable than the recommended alternative

* of deepening the east transit channel. The option calling for complete break-

water removal was judged to be least desirable of all the alternatives con-

sidered.

Recommendation for Design Condition #2 (110-foot Ice Breaker):

Based on the history of ice breaking operations at Vermilion since the

breakwater construction of 1973, it is judged that "No Action" is appropriate

for the case in which the 110-foot ice breaker is available for service. It

has been evident on several occasions since 1973 that prudent and timely

action by the Coast Guard's 110-foot vessel can yield adequate and effective

ice breaking operations at Vermilion. The alternatives that require structural

modification of the breakwater have been rejected in the belief that such

action will increase the threat of ice jamming at the harbor entrance.

This evaluation has implicitely assumed that Coast Guard icebreaker

assistance will be available for immediate deployment to Vermilion should

the need arise. The Coast Guard has maintained that the rapid response

of an ice breaker to an ice jam emergency at Vermilion may not be possible

to achieve due to other commitments and responsibilities throughout Lake

Erie. This fact emphasizes the need for the city of Vermilion to undertake

an assessment of its local ice breaking capability in the event that timely

action must be taken without the benefit of Coast Guard icebreaker assis-

tance,

.A
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1.0 INTRODUCTION

1.1 STUDY PURPOSE

The city of Vermilion, Ohio, has experienced a history of flooding

caused by ice jam blockage of the Vermilion River during the spring ice

breakup period. The construction of a detached, offshore breakwater in

1973 has caused some concern among Vermilion residents that this structure

may create an increased potential for future ice jam flood damage. While

no ice jam flooding has occurred that can be positively attributed to the

construction of the breakwater, some local residents have expressed a

fear that a future winter season exhibiting those conditions that cause

major ice jam formation will lead to damage by upland flooding induced

principally by the offshore breakwater.

Traditionally, the ice breaking needs of Vermilion have been served

primarily by the U.S. Coast Guard. The vessel used principally was 110-feet

in length, requiring twelve feet of water depth in which to navigate safely.

The present harbor as authorized by the Federal government can accomodate this

vessel.

Recently, the Coast Guard instituted the use of a new class of ice

breaker for Lake Erie. This new vessel is 140-feet in length and requires
15 feet of water in which to safely operate. Based on the authorized channel

depth of 12 feet that currently is in effect at Vermilion, the new vessel

cannot be expected to enter Vermilion Harbor unless the lake level is greater

than three feet above the low water datum.

The purpose of this study is to evaluate the feasibility, effect,

4cost and expected performance of three harbor entrance modification alter-

natives that have been considered by the U.S. Army, Corps of Engineers,

Buffalo District, to decrease the potential for ice jam flooding. This

analysis will address two design conditions:

Design Condition #1: Ice breaking performed by the new, 140-foot

Coast Guard vessel that required deeper water depths than that now

existing at Vermilion.
1



Design Condition #2: Ice breaking operations performed by the 110-

foot Coast Guard Vessel that traditionally performed adequately within

the harbor.

The three structural alternatives to be considered are as follows:

1. Deepening of the harbor approach channel to accommodate Coast

Guard ice breaking vessels.

2. Removal of a central portion of the breakwater and appropriate

channel deepening so that Coast Guard icebreaker operations will

be less hazardous.

3. Complete removal of the breakwater.

In addition, the "No Action" alternative (Alternative #4) is also

considered.

1.2 DESCRIPTION OF THE STUDY AREA

Vermilion Harbor is located at the mouth of the Vermilion River on

the south shore of Lake Erie, about 37 miles west of Cleveland. The location

and principal element of Vermilion Harbor are presented in Figure 1.2.1.

The harbor consists of east and west approach channels from the lake,

four artificial lagoons, and the lower 3,600 feet of the Vermilion River.

The harbor supports the use of many recreational and some fishing vessels.

Presently, approximately 100,000 yearly trips are undertaKen by small boat

operators from the twelve yacht clubs and marinas that serve the harbor

(Stanley Consultants, 1978).

The latest structural modification to Vermilion Harbor occurred in

1973 when an 864-foot long cellular sheet-pile breakwater was constructed

at a distance of 300 feet from the northern ends of the harbor piers. Figure

1.2.2 shows the design of the sheet-pile breakwater cells, as well as the

design of the harbor piers that were first constructed in the late 1830s.

2
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One of the purposes of the offshore breakwater was to provide a sheltered

harbor entrance during heavy weather periods and a reduction of the wave

and surge action within the harbor.I
1.3 DESCRIPTION OF PROBLEM

As stated earlier, there is concern among some Vermilion residents

that the offshore breakwater constructed in 1973 will contribute to future

flood damage due to its possible effect on ice jam initiation and subsequent

jam strength. This perceived threat is occasioned by the interpretation that

ice, which would normally flow out into the lake, will be blocked at the

breakwater. The ice jam thus formed will cause a water level increase up-

stream which may cause damage to upland properties. Certain residents believe

that the ice jam potential at the harbor mouth has been further aggravated by

the creation of an entrance channel that may cause difficult navigation

problems for large ice breaking vessels. While the Coast Guard vessels KAW

and ARUNDEL have transited this channel successfully in the past, severe ice

jamming and windrow formation tend to tax the capabilities of these vessels.

It has recently been determined that the Coast Guard will replace these 110-

foot cutters with a larger, more efficient ice breaking vessel. The Coast

Guard was queried to define the role that the new vessel will play in Vermilion

ice problems and this information has been incorporated into the ice jam

mitigation alternatives considered in this report. The results of pertinent

discussions with Coast Guard personnel during the execution of this study

are provided in Section 8.2 of this report.

In summary, this study addresses three specific structural alternatives

and the "no action" alternative with regard to their relative influence on

ice jam flood prevention for two design conditions. Design Condition #1

utilizes the new, 140-foot vessel that requires a deeper water depth for

safe navigation than that now in existence at Vermilion. Design Condition

#2 uses the traditional 110-foot ice breaking vessel.

Since the construction of the offshore breakwater in 1973, no ice jam

flooding events have been attributed to the offshore breakwater.

++* . .5. +o
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Prior to breakwater construction, ice jams formed at the river mouth

and, in several instances, Coast Guard ice breakers were stopped by ice

more than 1,000 feet from the entrance to the harbor (Potter, 1975). While

this evidence cannot be conclusively used to state that the offshore break-

water reduces the ice jam flooding potential at the harbor entrance, it

tends to reinforce the opinion expressed by the U.S. Army Cold Regions

Research and Engineering Laboratory (Frankenstein, 1979) that the ability

of the breakwater to restrict the onshore movement of ice windrows into the

river channel bounded by the parallel jetties serves as an "asset to Vermilion

for reducing ice jam flooding at the entrance to the lake".

6
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2.0 BACKGROUND

2.1 ICE-INDUCED FLOODING HISTORY

Note: In order to facilitate understanding of the discussions that
follow, a few terms associated with ice and ice jams are con-
tained in the Appendix of this report.

The threat of ice jam formation and subsequent flooding on the Ver-

milion River has been a source of concern for the citizens of Vermilion

for many years. The maximum threat of ice jam flooding occurs during th

January-March break-up period when warming temperatures and/or rainfall

cause melting and weakening of the river ice. A number of factors inflL

the severity of the ice jam potential on the Vermilion River. These include:

1. Water Level--The lower the level in the lake/river, the smaller

the flow cross-section beneath the ice sheet.

2. Winter Temperature--The colder and more prolonged the winter,

the thicker the ice sheet.

3. Thaw Temperature--Warmer temperatures yield greater river dis-

charge.

4. River Discharge.

Local information has been gathered concerning the location of major

ice jams on the Vermilion River. Figure 2.1.1 shows the locations of jams

on the river as they propagate downstream with periodic stops at particular

locations associated, primarily, with constricted channel geometry. Historically,

following initial jam formation at the Norfolk and Western Railroad Bridge, the

jam will advance downstream undergoing periods of stall at the locations

shown and subsequent advance (once the pressure of the backwater causescinternal failure of the jam). The time required for a jam to move from

initial formation to the lake is approximately 6-10 hours. The ice jams

shown in Figure 2.1.1 have historically formed on the Vermilion River

both before and after the construction of the offshore breakwater.

7
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2.2 PRE- AND POST-BREAKWATER ICE CONDITIONS

In the Vermilion River channel, ice forms as a function of water

$ temperature and water motion. Stanley Consultants (1978) has presented

an analysis that sought to describe the effect of the offshore breakwater

on current flow within the river. This computer modelling effort, aimed

at a variety of discharge and lake level conditions, concluded that the

breakwater had an insignificant effect on the river flow velocity. Based

on this observation, it was further concluded that no change in the nature

or extent of ice formation within the river has developed due to the
placement of the offshore breakwater. Ice borings were taken in February,

1977, to determine the ice thickness attained at various river locations.

This data, published by Stanley Consultants, is presented in Figure 2.2.1.

It can be seen that the ice thickness varies between 1.5 and 2 feet through-

out the channel area.

Unlike the river channel, the area adjacent to the harbor jetties

has undergone major change in regards to ice formation since the construction

of the offshore breakwater. Figure 2.2.2 shows the general location of the

pack and windrow ice both before and after breakwater construction. While

the strong, thick ice blockage was previously across the northern ends of the

harbor piers, the addition of the breakwater has served to displace the

windrow ice 300-500 feet to the east and west of the jetties. The breakwater

creates an offshore projection that catches pack ice moving from the west

with the prevailing winds. A windrow ice plug is created in the west

approach channel of the harbor thus preventing closure of the river mouth
by windrow ice. Since the construction of the breakwater, the west channel

has been completely closed by surface ice on at least two occasions (Stanley

Consultants, 1978). When ice conditions and wind direction combine appro-
priately, pack ice may also close the eastern approach channel although

this is a less frequent occurrence. Accumulation of pack ice at both

entrances simultaneously has occurred.

During the break-up period, the area south of the breakwater is either

unfrozen or covered with sheet ice. While no serious ice jam flooding has

been reported near the river mouth since the breakwater was constructed in

9
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1973, some citizens are concerned by the hypothesized increase in jam po-

potential caused by the "blocking" effect of both the breakwater and the

windrows that form to the east and west of the structure.

The position taken by the U.S. Army Cold Regions Research and Engineering

Laboratory scientists (see Ref. 1, Section 8.2) is that the offshore break-

water has creatcd a more protected environment at Vermilion Harbor in terms

of ice jam prevention at the entrance. The position paper states, "...the

detached breakwater is an asset to Vermilion for reducing ice jam flooding

at the entrance to the lake. It certainly reduces water levels due to ice re-

lated floods by creating the windrow further into the lake and allowing a longer

diffusion front of the water from the river into the lake. But ice jams and

related flooding though unrelated to the detached breakwater may occur again

on the river upstream of the mouth and the city should not feel that the break-

water has solved the upstream ice jam problem, but it has reduced the down-

stream ice jam threat". These conclusions would appear to be supported by the

previous occurrence of ice jam flooding events prior to the breakwater con-

struction. These events are documented in the Flood Plain Information Report,

Vermilion, Ohio (U.S. Army Corps of Engineers, 1968).

2.3 ICE-JAM MITIGATION

When a major ice jam forms, the blockage must be freed to alleviate the

potential flooding due to the water level rise upstream from the jam. If

no action is taken, one can only hope that the force of the backwater pressure

will break the jam prior to the backwater elevation achieving a destructive

flood stage. In the past, ice jams on the Vermilion River have been success-

fully broken using explosives and small city-owned shallow draft ice breaking

vessels occasionally assisted by U.S. Coast Guard ice breaking operations.

This has been the case both before and after the breakwater construction in

1973.

Prior to 1973, the Coast Guard icebreaker KAW was called upon to break

the thick, windrow ice at the river mouth to provide a path along which river

water and ice could flow into the lake. The smaller ice breaking vessels

12



that are operated by the City are not capable of breaking the thicker ice

of the windrow zone. As mentioned earlier, the offshore breakwater now

acts as a barrier to drifting ice such that windrows pile up to the west,

east and north of the structure leaving the harbor entrance south of the

C breakwater either unfrozen or covered with sheet ice.

Presently, ice moving out of the river mouth normally tends to impact

the breakwater structure and, depending on winds and river discharge, either

backs up or flows to the east. In either of these cases, it is important to

provide a path through the windrow zone for the passage of river ice and water

to the lake. Since 1973, the Coast Guard ice breaker has been able to provide

an outlet through this area prior to the initiation of ice movement down-

river.

To provide safer entrance conditions at Vermilion for pleasure craft

and commercial fishing boats, the Rivers and Harbors Act of 1958 initially

authorized construction of overlapping "arrowhead" breakwaters at a distance

of about 500 feet lakeward of the outer end of the east pier. A model study

of the proposed breakwater system was completed in 1969. The study, limited

to investigating the effects of various structures on wave action, showed

that the arrowhead breakwater plan did not provide sufficient protection for

full use of the harbor.

Based strictly on wave protection considerations, a 700-foot long

structure was then proposed that would be installed perpendicular to the

channel centerline at a distance of 200 feet from .ie outer end of the east

pier. Subsequent discussions with the U.S. Coast Guard and the Vermilion Port

Authority indicated that other factors in addition to wave action should be

considered in the placement of the breakwater. The Port Authority felt that

additional width was required at the harbor entrance to "provide a larger

channel for the winter ice to escape safely into the lake and to permit the

Coast Guard to come into the harbor to break up the ice jams" (U.S. Army,

Corps of Engineers, 1971). When the Coast Guard expressed this same concern,

the Corps of Engineers modified the design plan to increase the breakwater

length to 864 feet and locate the structure 300 feet north of the west pier

(or 100 feet further lakeward than the alignment recommended by the model

study).

13



During this design period, a transit channel oriented in a northeast-

southwest direction was proposed for the east entrance of the harbor. Dredging

activities during construction showed the existance of exposed bedrock that

required removal in order to provide the necessary 12-foot water depth within

this channel. Due to the extremely high cost of such excavation, the U.S. Army

Corps of Engineers, Buffalo District, in conjunction with the U.S. Coast

Guard, and the Vermilion Port Authority decided to reorient the east channel

to a north-south alignment,thus avoiding the area of exposed bedrock. This

decision was subsequently approved by the U.S. Army, Corps of Engineers,

North Central Division.

In a letter dated 27 October 1970, the Commander, Ninth Coast Guard

District, stated the rather tenuous ice breaking agreement that existed at

that time regarding the mobilization of a Coast Guard icebreaker to Ver-

milion:

"(In order to dispatch an icebreaker to Vermilion)...
...First, there must be a clearly defined threat of flooding...
...Second, a Coast Guard vessel must be available...
...Third, the replacement program for our 110-foot harbor class
tugs has not yet been developed and may not provide for a vessel
with characteristics which permit icebreaking in Vermilion Harbor".

The Coast Guard icebreakfng fleet on Lake Erie is presently in a state

of change. The Coast Guard reports that the 110-foot class vessels used in

the past (and for which the Vermilion Harbor project was authorized and con-

structed will be replaced with a larger, faster, more efficient vessel class.

This should provide more effective ice breaking capability in the commercial

shipping lanes which is the primary objective of the Coast Guard ice breaking

program. The larger 140-foot class icebreaker has a 12.5 foot draft and re-

quires a 15-foot water depth for safe icebreaking operation (U.S. Coast Guard,

personal communication). The Vermilion Harbor channel has been federally

authorized to be maintained at a depth of twelve feet relative to the low

water datum of 568.6 feet IGLD. Thus, if the channel is not deepened, the

vessel could not break ice at Vermilion unless a relatively high lake level

(571.6 feet, IGLD) existed. Based on historical lake level information, the

571.6 foot lake level has existed throughout the January-March period only

14



five times in the last sixty years. Thus, unless the entrance channel to

Vermilion is deepened beyond the 12-foot authorized depth, it is expected

that the new 140-foot Coast Guard ice breaking vessel cannot be used rou-

tinely. The Corps of Engineers has indicated that any additional channel

deepening would require Congressional authorization.

The citizens of Vermilion have relied on other ice breaking vessels in the

past. These include a small City icebreaker, steel hulled fishing boats, and a

60-foot tugboat from Lorain. These vessels are all limited to operations

in areas where the ice thickness is less than about one foot. In general,

the critical windrow section at the Vermilion harbor entrance exceeds this

thickness and, in the absence of a suitable ice breaking vessel, explosives

have also been used successfully in the past to clear this critical region.

C
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3.0 CRITERIA

Despite the possible need to improve the ice breaking capability at

Vermilion Harbor, certain aspects of the offshore breakwater's performance

should not be sacrificed to obtain this goal. The criteria with which the

ice jam mitigation plan should be judged are as follows:

1. Navigational Safety During Ice-Free Periods

As a popular boating center on Lake Erie, Vermilion Harbor should

not jeopardize its standing by adopting a solution intended to

mitigate ice jam flooding at the expense of safe navigation unless

the adverse effects attributed to the breakwater approach or

outweigh the beneficial effects that the breakwater supplies to

recreational navigation. As a federally supported "Harbor of

Refuge", the safe passage of recreational and commercial fishing

craft into Vermilion Harbor in violent storm periods is of special

concern.

2. Engineering Feasibility

All aspects associated with specific flood prevention plans (channel

deepening, ice breaker operations) must be feasible to construct

and maintain.

3. Effect on Beach Stability Along Adjacent Shores

The chosen plan shall not have a negative impact on the beach

stability either to the east or west of the harbor entrance.

4. Environmental Impact

Any alternative plan should not cause significant detrimental

effect on water quality, aquatic biota, recreational activities,

aesthetics, social and community well-being.

5. Cost

The construction and maintenance costs of the project shall not

exceed the damage anticipated from ice jam flooding induced b_

16I
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the breakwater. To the present time, no ice jam flooding has been

attributed strictly to the offshore breakwater. Earlier studies

(Stanley Consultants, 1978) concluded that the engineering "state-

of-the-art" does not allow the quantification of breakwater-induced

flood damage. Therefore, this study is limited to cost estimates

for each alternative evaluated. A benefit/cost analysis is believed

to be beyond the "state-of-the-art" and is not included within the

scope of this study.

6. Responsibility

A determination of responsibilities for implementation and maintenance

of each alternative has not been evaluated in this report. This must

be performed by the government agencies involved and the Vermilion

Port Authority, the local sponsor for the harbor project. In addi-

tion, the additional channel deepening below the twelve foot autho-

rized depth (below Low Water Datum), if recommended by the Corps of

Engineers, must be authorized by the U.S. Congress.

17
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4.0 EVALUATION OF ALTERNATIVES FOR DESIGN CONDITION #1: 140-FOOT

COAST GUARD VESSEL

4.1 ALTERNATIVE 1: DEEPENING OF EXISTING CHANNELS

This alternative involves deepening of the entrance channels lake-

ward of the piers. This would provide improvement in the following ways:

1. A depth of 15 feet would be available during the ice jam season

for the new 140-foot Coast Guard icebreaker to navigate safely.

2. The additional depth allows greater river discharge beneath

the ice sheet at the harbor entrance. This should serve to

alleviate, to some degree, the flooding potential even if ice
breaking operations are not performed.

In deepening the existing channel to allow passage of the new 140-foot ice

breaker, both lake level fluctuations and sedimentation must be considered

to determine the quantity to be excavated to create and maintain the new
channel depth. The existing channel is maintained at -12 feet below the

Low Water Datum of 568.6 feet (IGLD).

During periods when the lake level is higher than the Low Water Datum,
Vermilion Harbor depths exceed twelve feet. Thus, if the lake level exceeded
+3 feet relative to the low water datum [or 568.6' + 3' = 571.6' (IGLD)] no

dredging would be required to provide a 15-foot water depth. The occurrence

of such a high lake level is relatively rare--especially in the January-March

period when the lake tends to achieve its yearly low level due to lack of
precipitation and river discharge. Records indicate that a January-March lake

level of 571.6' IGLD has occurred only five times in the past sixty years.
Since 1950, the lake level during the January-March period has exceeded 570.6'

IGLD (+2' LWD) 47% of the time and has exceeded 569.6' IGLD (+l' LWD) 83% of )
the time. To assure 15 feet of water, three feet of channel deepening is

required. An alternative would be to deepen the channel only two additional

18
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feet with the understanding that at the time that ice breaker operation is

desired, an additional one foot of water may be provided by the water level

above the low water datum (since, on the average, this level should exist

eight of every ten years).

Additionally, sedimentation within the channel must be expected. Thus,

any channel deepening should exhibit a measure of "advanced maintenance"

to compensate for the shoaling that is expected between dredge operations.

Given these conditions, it is recommended that the channel should be

dredged an additional three feet, or to -15 feet (LWD) (553.6' IGLD). This

will provide at least one foot of advance maintenance dredging if the water

level is 569.6' IGLD which has been the case during the critical January-

March period over 80% of the time since 1950.

The Commander, Ninth Coast Guard District, and the Engineering Officer,

Coast Guard Icebreaker BRISTOL BAY (a 140-foot vessel) have been consulted

to establish an understanding of preferred ice breaking routes at the Ver-

milion Harbor entrance. Two possible routes shown in Figure 4.1.1 are pro-

posed that will provide relief from ice blockage by the windrows. The first

route (Route I) would require passage of the vessel through the entrance from

the east to the west along a 100-foot wide channel which allows over 30 feet

of clearance on each side of a 140-foot icebreaker (beam = 37.5 feet). No

right-angle turns into the river channel would be required to provide a route

of ice passage to the lake, thus limiting additonal dredging to a portion of

the entrance channel immediately south of the offshore breakwater. It is the

opinion of the Coast Guard that this ice breaking route would be safe and

effective in opening the windrow zones during periods when upstream water

pressure was low. However, if the action of ice breaking at the entrance would

cause a rapid release of flow out the river channel, the ice breaking vessel

could be forced to the north and might be in danger of colliding with the

breakwater structure. Therefore, this icebreaker route is not considered safe

or attractive under all conditions.

Close inspection of previous survey data shows the existence of bedrock at
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about the -10 foot (LWD) depths in the western transit channel, thus

necessitating expensive blasting operations and rock dredging to deepen

that section of the channel if Route I was chosen. Because of this reason,

another option has been identified and is designated "Route II" in Figure

4.1.1. This would call for the deepening of only the eastern side of the

harbor entrance where no bedrock removal is required. Thus, only the eastern

windrow zone would be breached to allow the river flow of water and ice to

reach the lake. The flow cross-section of the river mouth has been computed

and has been found to be smaller than that existing across the eastern exit.

For this reason, even if the western channel was totally blocked by windrow

ice, the water flowing between the piers could be easily accommodated in

an open channel on the eastern side. The option of opening only the eastern

channel is predicated on the safe operation of the Coast Guard ice breaker

within this 200-foot-wide channel. Although the maneuverability of the new 140-

foot class icebreaker has not been well defined, it if feasible the the BRISTOL

BAY could be backed out of an opened ice field without damage to the ship's

steering gear or propulsion system. If this is indeed the case, the forward

motion with subsequent backing would be preferable in terms of safety to

providing a turning basin to the south of the breakwater. This ice breaking

procedure is shown in Figure 4.1.1. Again, because this second option does

not require expensive rock excavation and removal, it is preferable to the

first option that requires a complete crossing of the harbor entrance.

Although the Coast Guard does not presently object to the eastern

access, the true proof of acceptance will only occur following the first

attempt at this ice breaking procedure.

4.1.1 Effect on Ice Formation

The deeper water within the proposed 15-foot channel should allow

additional water to flow under the ice cover relative to the existing 12

foot channel. Although ice windrows will still form over the channel,

deeper water depths should lessen the extent of ice contact with the channel

bottom and, thereby, weaken the windrow over the channel.
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4.1.2 Effect on Navigation

Deepening the harbor entrance would not significantly change the

ease with which the existing vessel traffic could navigate in the vicinity

of the harbor piers and breakwater. This region is currently well protected

from heavy wave action.

4.1.3 Effect on Stability of Adjacent Shores

Deepening of the channel at the Vermilion Harbor entrance will sustain

this area's present performance as a sediment impoundment basin. Periodic

dredging will be required to maintain adequate channel depths. At that time,

if chemical analysis shows that the dredge spoil is composed of material

suitable for beach use (as prescribed by Environmental Protection Agency

Regulations), it can be transferred to beaches requiring replenishment. If,

however, the sediment is deemed harmful (due to contamination by river-borne

pollutants), it would be transferred to an appropriate disposal site and,

thereby, lost for placement back to the nearshore and beach zones. Unless an

equal quantity of suitable sand is placed on adjacent shores, erosion of

those shores is expected. Sediment dredged in 1979 was deemed "unsuitable"

for beach replenishment.

4.1.4 Costs

Estimates have been made of the volumes of dredging and associated costs

based on 1980 prices for the two icebreaker routes shown in Figure 4.1.1.

The unit cost for recent entrance channel dredging operation is presented in

Table 4.1.

TABLE 4.1: ENTRANCE CHANNEL MAINTENANCE DREDGING HISTORY
POST-BREAKWATER (OCTOBER 1973), VERMILION, OHIO

VOLU1E UNIT ESCALATED
COST DREDGED COST COST 1980 COST DISPOSAL

(c.y.)

1 . Sept-Dec. 1973 25,700 $187,900 $7.30 512.20 Land & Deepwater

2. June, 1974 5,900 S 24,000 S4.10 5 6.30 Beech on west
siae of harbor

3. February, 1975 3.000 S 10,300 S3.40 S 5.40 Beach on west
side of harbor

akomis Beach,

4. Nov-3ft, 1975 10,350 S 53,200 S4.90 $ 7.20 east of harbor
deepwater disposal

r. 1978 3,496 S 18,000 S5.15 S 6.23 Deepwater disposal

6. Oct-Nov, 1979 23,000 $147,200 $6.40 S 7.30 Deepwater disoosal
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Based on the guidance of the Corps of Engineers, Buffalo District, the

unit cost of sand dredging is $7/cubic yard, while that for rock removal

is estimated to be $30/cubic yard. Deep water disposal of these materials is

5assumed in this cost analysis. If the dredged rock and sediment can be used
for shore protection or beach replenishment purposes, its value is greatly

enhanced. However the acceptability of the dredged sediments for such purposes

is considered to be remote by the Buffalo District, Corps of Engineers.

TABLE 4.2: INITIAL DREDGING COSTS*, CHANNEL DEEPENING+

ROUTE I COSTS

Volume Unit

jcLL. Cost Cost

Sediment: 19,800 S 7 S138,500

Rock: 16,400 S30 492.000

obilization/emobilization: 1l0000

Subtotal S640,000

Contingency (15%) 96,100

Subtotal $736,700

Engineering/Design (20%) 147,300

Supervision/Inspection (6') 44,200

Overhead (5.6) 430

Subtotal $969,500

Navigation Aids 15,000

TOTAL $984,500

ROUTE II COSTS

Volume Unit
jLIj cost

Sediment: 15,500 S 7 s108,S00

,4obiIization/Demobilization 5,000

Subtotal S113,500

Contingency (151)

Subtotal 3130,500

Engineering/Design (20%) 26,100

Suoervision/Inspection (6%) 7,800

Overhead !5.51) , 0

Subtotal $171,700

'avigation Aids J'.0Q

TOTAL 5186,700

* 1980 Costs
SDredge costs are in addition to that required
for authorized 12-foot channel.
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The construction cost of the Route II channel is about 20% of the cost

for Route I. Additionally, Route II appears to be the ice breaking route that

would cause the least risk to the Coast Guard ice breaking vessel. By avoid-

ing the area to the south of the breakwater, the potential vessel damage

caused by the rapid release of river water would be minimized. Route II includes

the premise that the 140-foot Coast Guard icebreaker can effectively conduct

operations by etering the east channel and thence reverse propulsion for back-

ing to deeper lake waters via the ice broken route. It is apparent that the

degree of operational acceptance of Route II will be contingent upon experience

of the first and successive field operations.

4.1.5 Future Maintenance Requirements

The maintenance dredging required since 1973 to achieve a twelve-foot

channel takes place approximately every two years. It is assumed that this

time interval for maintenance dredging would be required for a fifteen-foot

depth.

The maintenance activities undertaken at Vermilion since the breakwater

construction of 1973 have been presenited previously in Table 4.1 Exact

estimates of expected sediment removal at the Vermilion Harbor Entrance are

difficult because some of the past dredging activities (particularly those

of 1973 and 1979) have included the removal of material from both the outer

harbor and the river channel. Quantities dredged separately in 1973 and 1979

were approximately 25,000 cubic yards, an amount that is from two to eight

times greater than the individual dredge quantities of the intervening period.

Based on this information, it appears that dredging of the upland river

channel takes place at 5 or 6 year intervals. By ignoring the years of up-

river channel dredging, an estimate of 5800 cubic yards of annual dredge

spoil is computed for the 1974-1978 period. The expected dredge volume of

5800 cubic yards represents that material that will require removal on an

average yearly basis. Because the proposed location of the channel is not

chanoed. and the existinq channel is presently an effective littoral im-

poundment zone, deepening the channel depth from -12 feet to -15 feet (LWD)

is not expected to affect this average annual dredge quantity. In addition
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to this average annual dredge quantity within the Harbor, shoaling of the

proposed 15-foot channel to the north of the breakwater is expected. The

additional dredge requirement for that portion of the channel located to the

S north of the present channel limits is estimated to be 1,650 cubic yards/year.

The computations that established these volumes are contained within the

Appendix. Estimates of the annual volume to be dredged if Route II is con-

structed are presented in Table 4.3. It is anticipated that the dredged volume

will slowly decrease with time as updrift supplies of sand dwindle due to on-

going shore protection efforts.

TABLE 4.3: ANTICIPATED ANNUAL MAINTENANCE DREDGING COSTS*, ALTERNATIVE 1

Volume (cubic yards) S 7,450

Unit Cost S 
7/c.y.

Subtotal 52,200

Mobilization 5,000

Subtotal $57,200

Contingency (15%) 8,500

Subtotal ss,80

Engineering/Oesign (20.) 13,200

Supervision/Inspection (6%) 3,900

Overhead (5.6%) 3,700

TOTAL S86,600

*1980 costs

4.1.6 Summary

Deepening the entrance channel to Vermilion Harbor would create an

environment which would lessen the probability of ice jamming at the entrance

and would also provide adequate depth for the navigation of the Coast Guard's

new 140-foot icebreaker. The additional depth provided under the ice sheet

would facilitate the discharge of river flows into the lake and would lessen

the possibility of a jam contacting the lake bed. Two icebreaker routes have

been evaluated and costs associated with each have been derived. Any channel

deepening at the west harbor entrance will require rock blasting and exca-

vation. The high expense and disruptive nature of this alternative tends to
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make this an unattractive option. Also, the Coast Guard has expressed concern

for icebreaker safety in the area south of the breakwater. Under certain

conditions passage of the vessel on an east-west course through this zone

is considered hazardous. The Coast Guard has indicated that the more

acceptable icebreaker route is contained completely within the east harbor

entrance. Breaking a path through the windrows on only the east side should

provide a route of ice and water escape from the river to the lake. Because

the area to the south of the offshore breakwater is an effective sediment

impoundment zone, deepening the channel an additional three feet will have

no effect on river sedimentation or the volume of sediment lost from adja-

cent shores. However, as in the present situation, periodic maintenance

dredging will be required. If the dredge spoil exhibits acceptable physi-

cal characteristics, it may be transferred to the adjacent beaches. If the

spoil is contaminated by river pollutants (the more probable condition

according to the Corps of Engineers), it could prove to be unacceptable for

beach nourishment. If this is the case, the beaches adjacent to the harbor

must be supplied with sand from other sources in order to mitigate erosion.

During dredging operations, the water at the river mouth is expected

to experience increased turbidity. This condition should be essentially

the same as for past maintenance dredging operations.

4.2 ALTERNATIVE 2: BREACH DETACHED BREAKWATER AND DEEPEN APPROPRIATE

CHANNEL AREAS

Alternative 2 involves breaching of the central portion of the break-

water and aligning the entrance channel with the central opening. This

plan would allow for a more direct route of ice flow from the inner harbor

to the lake if the windrow ice that would form at the breach were removed

by icebreaking procedures. Such procedures, if performed by the new 140-

foot class Coast Guard vessel, would require additional dredging of a por-

tion of the entrance channel to a depth of -15 feet LWD (553.6 feet, IGLD).

Figure 4.2.1 illustrates the entrance configuration, probable ice conditions,

and the icebreaker's route through the 200-foot wide breach. The 150-foot wide

channel having a depth of 15 feet would terminate just inside the north ends of

the Harbor jetties. It is not considered feasible for the 140-foot icebreaker
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to safely navigate into the upper river channel so no channel has been pro-

vided for that activity.

14.2.1 Effect on Ice Formation

The breakwater breach combined with the effect of the deepend chan-

nel entrance could allow drifting ice floes to penetrate the gap and ground

in the area south of the breakwater (see Figure 4.2.1). Windrow formation

would subsequently proceed to promote a relatively wide windrow zone at the

breakwater gap. If the winter weather was mild, it seems plausible that

the ice formation at the gap would be removed by the flow of river water

since the deeper water at the entrance would probably not allow strong

attachment of the windrow ice to the lake bottom at this location. If, how-

ever, the winter weather was severe and the thaw period was quick and ex-

treme, the river discharge may not be able to displace the windrow ice and

ice breaking operations would be required to allow the river ice to move into

the lake. If the ice breaker was not able to respond to the City's request,

and other ice breaking options were not exercised, then it seems conceivable

that (in an especially severe ice jam scenario) the breakwater gap could

allow the windrow ice to approach the river mouth with a resultant decrease

of the cross-sectional area of the outflow. This condition would be approach-

ing that which prevailed prior to construction of the offshore breakwater.

4.2.2 Effect on Wave Climate/Navigation

During the design of the offshore breakwater, wave height criteria

were established to ensure satisfactory navigation and mooring conditions

in the lee of the proposed breakwater. These criteria were as follows:

(Under the most severe storm conditions)
...maximum wave heights should not exceed 2.5 feet at the entrance
to the harbor (at the pier ends) or 1.5 feet in the river channel
at the entrances to the lagoons. (Brasfield, 1970).

To date, it is believed that these criteria have been met and the

general impression gained from all interests interviewed is that the break-

water has provided wave protection for Vermilion Harbor in an exceptional

manner.
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Removal of the central portion of the breakwater would have a detri-

mental impact on the safety of navigation at the harbor entrance and in

the adjacent river channel. Obviously, removal of the structural protection

provided by the breakwater will cause an increase in the present levels of

wave energy existant in the vicinity of the piers. Three wave analyses have

been performed to approximate conditions at the harbor during periods of

expected northwest, north, and northeast wave episodes. The design wave

characteristics for the Vermilion site were taken from the Waterways Experi-

ment Station Technical Report H-76-1, Design Wave Information for the Great

Lakes, Report 1, Lake Erie CResio & Vincent, 1976).

Wave data taken from this report are presented in Table 4.4 as a

function of recurrence interval, season, and direction of approach. The

design wave chosen for the analyses exhibited a 20-year recurrence interval.

It is important to note the disparity between the fall-winter wave climate

and that of the spring-summer season. The design wave heights nearly double

during the rough weather period relative to the fair weather spring and summer

months. Because the vast majority of Vermilion boating activity takes place

during the summer months, the design wave value chosen is the maximum expected

value for the spring-summer period. The values chosen for the wave analyses

are noted in Table 4.4.

TABLE 4.4: DESIGN WAVE STATISTICS, VERMILION, OHIO
(from "Design Wave Information for the Great Lakes",
Resio & Vincent, 1976)

DIRECTION OF APPROACH

'lORTHEAST NORTH 4ORTHWEST

Recurrence
Interval
(Years) WtINT_ R

10 7.9 Feet 9.8 9.3
20 8.5 11.2 10.5

so M. 12.5 11 .8

SPRING

10 4.6 3.0 5.2

20 5.9 3.3 6.2
50 7.3 5.5 7.5

C lecurrce NORTHEAST 4ORTH '4ORTMWEST

P*Sri)- SUMM4ER

10 4. 5.2 5.2
70 4. DESIGN VALUE USED

FALL

0 9.2 3.5 J,
ZO fl.2 3.5 13.

50 io.' 3.5 10.3
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For the wave analysis of the breakwater gap, the incident wave heights were

modified to allow for refraction (.via Snell's Law) and shoaling. Thus, a

factor related to these two phenomena ( .K K ) was used to alter the designr' s
incident wave height to the wave height at the breakwater structure. A wave

diffraction study using standard coastal engineering techniques was then per-

formed to interpret the nature of wave modification by the structure. Infor-

mation concerning the wave heights within the harbor were a result of these

computations.

CASE I: INCIDENT WAVES FROM THE NORTHWEST

The design wave height chosen for this study was the significant*

wave height exhibiting a 20-year recurrence interval for the case of north-

west wave approach.

Ho = deepwater wave height = 6.2 feet

TD = design wave period = 6.1 seconds

(Resio & Vincent, 1976)

The combined refraction and shoaling factors (Kr. K s) are computed to be 0.97

at the breakwater that is positioned in a water depth of 12.5 feet (LWD).

Thus, at the structure, the design wave parameters are as follows:

HD = design wave height at structure = 6.2 (0.97),= 6.0 feet

TD = 6.1 seconds

The diffraction study was performed ind the results of this exercise are

presented in Figure 4.2.2.1. For this case, wave diffraction was considered

both at the proposed harbor breach and also at the western end of the break-

water represented by Point "A" in Figure 4.2.2.1. The curved lines in the

figure represent lines of constant wave height at the time of design wave

occurrence. In the area between the breakwater and the piers, there occurs

* Average height of highest one-third waves.
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a merging of diffraction effects caused by the breach and the west end

(Point "A"). Where the lines of diffraction from these two conditions cross,

conservation of wave energy requires that the average wave height, H, at

each location is expressed by

H = C(HA)? +(H) 2

where HA = wave height determined by diffraction at Point A.

HG  wave height determined by diffraction through the

breakwater gap.

Because of wave superposition in the channel and wave reflection by the

harbor piers, rough and choppy wave conditions would exist in the harbor

entrance channel. However, navigation of small craft through the breakwater

breach and into the river channel during the design wave condition would

probably not be considered hazardous for the prudent boater. The area to

the southeast of the breakwater gap would be the zone of the highest wave

energy. Despite the rather turbulent nature of the wave activity within

this zone, it appears that the design criteria for wave energy dissipation

as set forth in the Corps of Engineers "General Design Manual" for Vermilion

Harbor (1971), would be met at the river mouth.

CASE II: INCIDENT WAVES FROM THE NORTH

The design wave parameters for waves arriving from the north were as

follows:

Ho  deepwater significant wave height exhibiting a 20-year

recurrence interval = 6.2 feet
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T= design wave period 6.1 seconds

(Resio & Vincent, 1976)

Following the same procedures previously described, the effects of re-

I fraction and shoaling modify the incident deepwater wave height to a wave

height, H0, at the breakwater structure. The Kr-K s factor in this case

equals 1.12. For purposes of simplicity, only the wave diffraction at the

gap was considered. Diffraction at the breakwater's east and west ends

also plays a role in the wave height modification occurring outside the

harbor piers, however, this role would clearly be secondary to the affect

of the breakwater gap. Figure 4.2.2.2 shows the results of this wave

analysis. This is clearly the "worst case" of the three wave approaches

considered in this analysis. In the case of wave heights in the channel, the

design wave would peak to a maximum height of 7.7 feet just inside the

breakwater and proceed upriver sustaining a height of 4 feet or greater

for a distance of 500 feet from the end of the east pier. The harbor

entrance would be quite hazardous, possibly causing the loss of harbor use

during periods of high waves. The condition of northern wave approach would

cause the greatest concern for the safety of small boat traffic.

CASE III: INCIDENT WAVES FROM THE NORTHEAST

Similar to the first two cases discussed, the design wave arriving

from the northeast was chosen from the wave statistics compiled by Resio

and Vincent (1976). The design wave parameters are as follows:

Ho = deepwater wave height, 20-year recurrence interval = 5.9 feet

T = 6.2 seconds

The effect of wave refraction and shoaling is shown to decrease the height
of the deepwater incident wave, Ho, to 0.97 Ho (= 5.7 feet) at the break-

water structure. Using a method analogous to that of Case I, the diffrac-

tion effects at the gap and at the east side of the breakwater (Point "B")

are considered. The results of this analysis are shown in Figure 4.2.2.3.
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As in the previous cases described, the wave protection provided by

the present breakwater is diminished when the central portion of the structure

is removed. Wave heights in excess of 3 feet are expected in the entrance

channel at the ends of the piers. This value is slightly above the Corps cri-

teria of limiting wave heights to 2.5 feet at the harbor entrance bounded by the

piers. Transiting the breakwater during periods of high northeast wave energy

could be hazardous to small craft if care in navigation was not exhibited. The

condition of northeast wave approach is clearly less hazardous than the case ol

waves arriving from due north.

4.2.3 Effect on Stability of Adjacent Shores

Breaching the Vermilion breakwater will allow wave energy to proceed

through the gap into the harbor entrance that is currently well protected.

This wave energy, i,' the breach was implemented, would serve to transport a

portion of the sediment that is currently impounded in the breakwater's

lee out to nearshore areas adjacent to the piers. Figure 4.2.3.1 shows gen-

eralized views of the expected sand movement under northwest and northeast wave

conditions. In both cases, some material that is currently impounded in the

breakwater's lee could be transported to the foreshore zones to the east and

west. It can also be predicted that the areal extent of the zone of sand dep-

osition behind the breakwater will decrease if the breakwater gap is created.

In addition, some sediment would be transported to the south between the piers.

During periods of northern wave approach, the movement of sand to the south

within the channel would likely predominate over transport parallel to the lake-

shore.

At the present time, sand transported in the littoral zone is impounded

in the calm waters of the breakwater's lee. The required magnitude of

mechanical transfer of material from this location to adjacent shores should

diminish in the future if this design concept is implemented. Some additional

dredging in the Vermilion River channel may be required due to the wave-induced I
transport of sediment up-river. During periods of high river discharge, sediment

within the piers should be flushed directly out the gap to the lake. Because

exposure to open lake conditions will affect the mechanical operations required

to transfer this sediment to adjacent shores or to a disposal site, maintenance
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dredging operations must be restricted to calm weather periods.

4.2.4 Cost

The cost of removing a central 200-foot long segment of the break-

water has been estimated using the information provided by Luedke Engineers

of Frankfort, Michigan; the original construction contractor for the break-

water. The cost computations are presented in the Appendix. The general

design of the sheet pile cells is shown in Figure 4.2.4.1. The cost estimate

associated with breaching the breakwater and appropriate channel deepening is

shown in Table 4.5. It is apparent based on subsurface investigations under-

taken by the Corps of Engineers that some rock removal is required to create

the proposed 15-foot channel.

TABLE 4.5: COSTS OF BREAKWATER BREACH AND CHANNEL DREDGING

A. Sheet Pile Cell Demolition And Removal

Mobilization/Demobilization $ 10,000
Cell and Steel Membrane Removal 367 500

Subtotal $377,

B. Channel Deepening To -15 feet (LWD)*

Volume (c.y) Unit Cost

Sediment 9200 $ 7 64,400

Rock 2400 $30 72,000

Mobilization/Demobilization 10,000
Subtotal 146,400
Contingency (15%) 22,000
Subtotal 168,400
Subtotal ( A+B) 545,200

Engineering/Design (200) 109,200
Supervision/Inspection (6%) 32,800
Oierhead (5.6%) 30,600

TOTAL: $718,500

t 1980 costs

* See Figure 4.2.1 for limits of 15-foot channel. Dredge

volume is in addition to that required for the authorized
12-foot channel depth.
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4.2.5 Future Maintenance Costs

In Section 4.1.5, future maintenance costs associated with channel

dredging adjacent to Vermilion Harbor were estimated based on past dredging

operations and considerations of future incoming sediment loads. Because

the option presently under consideration will provide wave energy to naturally

remove sediment from the harbor entrance and river mouth to the nearshore zone

adjacent to the harbor complex, the costs associated with entrance channel

maintenance dredging should diminish relative to the current breakwater configura-

tion. It is estimated that 4,550 cubic yards of material will require annual

removal to maintain the proposed 15-foot channel. This is approximately 80%

of the existing dredge requirement. The computations that support this ana-

lysis are presented in the Appendix. In the future, it is anticipated that

the dredged volume required will decrease as updrift supplies of sand are

depleted. Table 4.6 illustrates the expected annual dredge requirements if

Alternative II is implemented.
*k

TABLE 4.6: ANTICIPATED ANNUAL MAINTENANCE DREDGING COSTS
ALTERNATIVE 2

Volume (cubic yards) 4,550
Unit Cost $ 7/c.y.

Subtotal 31 900

Mobilization/Demobilization 10,000
Subtotal 41,900

Contingency (15%): 6,300
Subtotal 48,200

Engineering/Design (20%): 9,600
Supervision/Inspection (6%): 2,900
Overhead (5.6%): 2,700

TOTAL $63,400

* 1980 Costs

4.2.6 Summary

By creating a breach in the offshore breakwater at Vermilion and

deepening the transit channel through this breach to -15 feet (LWD), the pro-

bability of ice jam formation at the river mouth would increase, approaching
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that which existed prior to breakwater construction. A critical element that

must be considered in this regard is the absolute necessity of ice breaking

at the breach if severe ice jam conditions exist (i.e. a harsh winter followed

by a rapid thaw). Should ice breaking operations not be performed through the

breach, the ice contained in the windrows could block a portion of the river

mouth and cause a constriction of flow that would increase the potential for

ice jam flooding over that which presently exists with the breakwater intact.

The major disadvantage of this alternative is the detrimental effect

that such a plan would have on the navigational safety within the harbor en-

trance and river channel during periods of northern wave approach. Currently,

the Vermilion breakwater provides the harbor with excellent wave protection.

Wave analyses show that the creation of a gap in the breakwater would, during

periods of high waves from the north, cause hazardous wave conditions within the

harbor entrance.

In terms of adjacent beach changes, the exposure of sediment to wave

energy passing through the breakwater gap allows sediment transport both into

the breakwater's lee and out of this zone depending on the direction and mag-

nitude of the incoming waves. This results in a decrease in the future dredg-

ing requirements of the Vermilion Harbor entrance as well as the redistribution

of temporarily impounded sediment to adjacent beaches.

4.3 ALTERNATIVE 3: REMOVAL OF BREAKWATER

Removal of the breakwater must be accompanied by dredging activities

that will deepen the entrance channel to the 15-foot depth required for the 140-

foot ice breaker.

4.3.1 Effect on Ice Formation

', If the offshore breakwater is removed, the winter ice conditions

adjacent to Vermilion Harbor would return to those that existed prior to the

construction of the offshore breakwater. As shown in Figure 4.3.1.1, the win-

drow ice zone forms at the harbor mouth at the northern ends of the piers.
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The ice upriver from this zone is smooth and overlies the river flow. If the

windrow formation at the river mouth is severe, blockage of the river flow

would occur causing the water levels in back of this obstruction to rise until

either the jam was broken, or the rising backwater overflowed the jam or other

containment boundaries.
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FIGURE 4A31.1 :ICE FORMATION WITH4OUT BREAKWATER , VERMILION HARBOR
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Deepening the 150-foot wide entrance channel to the fifteen-feet

required by the 140-foot ice breaker will create additional channel volume

through which the river discharge can escape to the lake beneath the ice field.

3 This will cause an improved situation in terms of ice jam flooding potential

relative to the prebreakwater condition when a twelve-foot channel depth existed.

Prior to 1973, the Coast Guard's 110-foot vessel was deployed routinely

to participate in ice clearance operations at Vermilion. If the breakwater is

now removed, it is believed that the new 140-foot ice breaker would also have

to provide ice breaking services on a routine basis.

4.3.2 Effect on Wave Climate/Navigation

The vessels that use Vermilion Harbor are shallow draft and are exclu-

sively devoted to recreation and commercial fishing pursuits. Prior to the

construction of the offshore breakwater, vessel operations were unsafe and

limited at the harbor entrance during periods of moderate to high storm waves

(U.S. Army, Corps of Engineers, 1970). At such times, vessels encountering

following or quartering seas had to maintain sufficient speed to maintain

steerageway. If a boat was underpowered, tnis situation could prove quite

hazardous. Sailing vessels also experienced difficulty in transiting the

entrance channel under these conditions. The wave climate in Vermilion Harbor

without the breakwater can be predicted simply by referring to the pre-1973

condition. To include this condition herein, the results of the Vermilion

Harbor model study conducted by the U.S. Army Corps of Engineers Waterways

Experiment Station (Brasfeild, 1970) were used. The choice of the design

waves that have been applied to the model study results for the southwest,

north, and northeast directions were determined (as previously discussed in

Section 4.2.2 of this report) using the information presented by Resio and

Vincent (1976).("
The Vermilion Harbor modeling study described the "base test" condition

(i.e. the wave heights at various locations prior to the construction of the

breakwater). The results of this "base test" serve as the basis for the deter-

mination of the effect that breakwater removal will have on harbor wave con-

ditions.
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The report of the scale model study documents the wave conditions

at various locations adjacent ot the harbor for a variety of input wave

heights and periods. The "base test" model study wave parameters that most

closely approximate the design wave values chosen from the Resio and Vincent

report are for a six foot deepwater wave height, with a seven second period.

The difference between the prototype wave period studied in the model (7

seconds), and the design wave periods chosen here ( - 6 seconds) is assumed

to be negligible for the purposes of this analysis.

The prototype wave height of six feet studied in the model is slightly

different than the design wave heights chosen for this analysis. By apply-

ing a correction factor, f,

design wave height
prototype wave height in model,

the results of the model study can be roughly transformed to describe the

expected wave conditions at the various wave measurement locations in the

model for the design wave condition.

CASE 1: INCIDENT WAVES FROM THE NORTHWEST

For this condition, the design wave parameters exhibiting a 20-year

recurrence interval are as follows:

Ho  = deepwater significant wave height = 6.2 feet

T0 = design wave period = 6.1 seconds (Resio and Vincent, 1976)

The Vermilion Harbor wave study report documents the results of the

"base test" for the case of northeast wave approach only. For the purposes

of this study, we will assume that symmetry dictates the equivalence of the

northeast and northwest base test conditions. Figure 4.3.2.1 presents the

expected wave height at each of the wave gage locations for the design wave

condition.
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The actual wave heights given at each gage location by the model have

been increased by a factor of 1.03 = 6.2/6.0, the ratio of design incident

wave height to the model incident wave height. This analysis shows that

under the design case, a wave of 6.1 feet would exist at the harbor mouth.

Bedause of diffraction effects, this value of wave height would decrease

quickly once inside the piers to 3.4 feet at Station #4, 2.5 feet at Station

#2, and 1.6 feet at Ontario Lagoon.

CASE II: INCIDENT WAVES FROM THE NORTH

The model study results were also utilized to predict the heights

of waves at the various gauge locations during periods of northern wave in-

cidence. Information from Resio and Vincent (1976) yields the following design

wave parameters:

Ho  = design significant wave height, 20-year RI = 6.2 feet

TD = design wave period = 6.1 seconds

The Vermilion model study did not report results for northern wave

conditions. Model photographs of tests employing northern wave approach

were available, however, from which visual estimates of wave heights were

made for locations between the piers and at the upriver wave gage locations.

For the offshore gage locations, the model data that describes wave heights

for northeast wave approach were considered adequate to develop a quantitative

understanding of similar wave conditions during periods of northern wave

approach. Because northern waves would pass directly into the jettied entr-

ance without diffraction-induced energy dissipation, wave heights in the channel

would be significantly higher at Stations 1, 2 and 3 than shown under conditions of

northeast waves. Figure 4.3.2.2 illustrates the expected wave heights at the

locations of wave gauges in the model study.

The upstream stations denote estimated wave heights based on examin- )
ation of model study photographs. No tabulation of model study heights are

available for this wave condition. The actual wave heights given at each
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location by the model results have been increased by a factor of 1.03

(- 6.2/6.0), the ratio of the design wave height to the model incident wave

height. The data shows that the wave height between the piers and at the

upriver locations will be about one foot higher for the case of northern wave

approach relative to the northeast wave approach.

CASE III: INCIDENT WAVES FROM THE NORTHEAST

This condition was modelled in the study of Vermilion Harbor by the

U.S. Army, Corps of Engineers, Waterways Experiment Station (Brasfeild,

1970). The design wave parameters for this direction are as follows:

Ho = design significant wave, 20-year RI = 5.9 feet

TD = design wave period - 6.2 seconds

Because the incident wave generated in the hydraulic model was 6

feet, the results of that study were transformed to this design wave con-

dition using a ratio equal to 0.98 (= 5.9/6.0). Figure 4.3.2.3 illustrates

the expected wave conditions associated with this design option. Under these

incident wave conditions, the wave height at the river mouth would be about

6 feet. In the river channel, Station 3 would experience wave heights of

3.3 feet and Station 2 would have 2.4 foot wave heights. Model study photos

show that wave reflection off the pier faces would cause the river channel

to be choppy under these circumstances.

Wave Study Summary

The removal of the Vermilion breakwater will cause an increase in the

wave heights at the harbor entrance and in the adjacent river channel. The

severity of these conditions has been estimated using the results of the model

study conducted by the Corps of Engineers in 1970. It appears that the

design wave conditions between the parallel piers under the circumstance of

breakwater removal would cause a choppy, turbulant sea of 3-4 foot wave

heights.
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The actual impact that breakwater removal would have on navigational

safety should be very easy to ascertain simply by referring to the arguments

and documented evidence that led to the breakwater's construction in 1973.

The level of damage or disruption of local boating interests following break-

water removal would be more or less equivalent to that experienced during the

pre-1973 period.

4.3.3 Effect on Stability of Adjacent Shores

The offshore breakwater at Vermilion is currently providing a zone

of protected, calm water within which sand-sized sediment motion ceases.

This area of sediment impoundment represents a loss of sand from adjacent

beaches if the impounded sand is subsequently dredged and transported off-

shore for disposal. Removal of the breakwater would cause a gradual east-

ward migration of beach sediments adjacent to the east pier during periods

of northwest wave activity. In addition, breakwater removal would pre-

cipitate some measure of sediment bypassing of the harbor from east to west

during periods of northeast storms. However, the level of bypassing will be

inhibited by the proposed 15-foot channel that will impound sediment passing

into it. The release of a portion of the presently impounded material, while

considered beneficial to adjacent shores, will not cause renewed, long-lasting

stability on Vermilion beaches. Sediment sources along this section of lake-

shore have been decreasing with time as shoreline fortificatior has proceeded

in the past. This trend will continue in the future causing beach instability

as the nearshore sand supply is depleted through entrapment atid offshore loss.

4.3.4 Cost

The cost of breakwater removal has been estimated using the infor-

mation supplied by the construction firm that built the structure (Luedke

Engineers, Frankfort, Michigan). The computation of cost for removal is

presented in the Appene4x. The general design of the breakwater is presented

in Section 4.2.4. Channel deepening to -15 feet (LWD) is included in these

costs and future maintenance of the north-south entrance channel at -15 -"Pt

(LWD) is required.
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TABLE 4.7: BREAKWATER REMOVAL COSTS

A. Sheet Pile Cell Demolition and Removal

Mobilization/Demobilization $ 10,000
Cell and Steel Membrane Removal 1,292,600

Subtotal $ 1,302,600

B. Channel Deepening to -15 Feet (LWD)*

(As computed in Table 4.5) 168,400

Subtotal (A + B) 1,471,000

Engineering/Design (20%): 294,200
Supervision/Inspection (6%): 88,300
Overhead (5.6%): 82,400

TOTAL $1,935,900

t 1980 costs

* See Figure 4.3.1.1 for limits of 15-foot channel. Dredge volume
is in addition to that required for the authorized 12-foot channel depth.

4.3.5 Future Maintenance Costs

If the breakwater was removed, the configuration of the entrance

currently maintained by the Corps of Engineers would change. It is proposed

that a north-south approach channel would be implemented having a depth of

-15 feet (LWD). It is estimated that the maintenance associated with a 150-

foot wide channel of these proportions will be unchanged from that currently

maintained by the Corps. This is due to the impoundment basin that will

characterize the proposed channel's performance. The expected annual volume

of required dredging for Alternative 3 is estimated to be 7,450 cubic yards.

This is equivalent to that required of Alternative 1 and represents 60% of

the total volume of the proposed channel. Computations which support these

(estimates are presented in the Appendix. The expected annual maintenance

dredge cost for Alternative 3 is $86,600 (as developed in Table 4.3).
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4.3.6 Summary

There are ,o quantitative data available or evidence to indicate

that removal of the Vermilion Harbor breakwater will reduce the probability

of ice jam flooding. However, ice researchers for the U.S. Army Cold Regions

Research and Engineering Laboratory have expressed the opinion that the

breakwater does perform a valuable function as an ice barrier by keeping the

ice windrow zone lakeward of the river channel. (see Reference it Section

8.2). Without the breakwater, ice breaking at the river mouth would be re-

quired to prevent ice jam formation between the piers.

The effect that breakwater removal would have on navigational safety

during ice-free periods would be detrimental. The breakwater was

constructed in 1973 to protect boaters from a very hazardous passage at the

harbor entrance during times of moderate to high waves. The breakwater has

served its function as a protective structure very well. Removal of the break-

water would return the harbor approach to its previous unprotected condition.

Further, breakwater removal would lessen the intensification benefits* for

small boat navigation which were a substantial portion of the total benefits

upon which the 1973 modification was made.

Entrance channel maintenance costs of this alternative would be

comparable to that of the present condition due to the ability of the proposed

15-foot channel to perform as a sediment impoundment basin. A realignment

of the present east and west channels would be proper to allow for direct

access to the lake through a 150-foot wide north-south transit channel.

* "Intensification benefits" are the benefits associated with the rate of
return that increased usage has on vessel ownership.
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4.4 COMPARISON OF ALTERNATIVES FOR DESIGN CONDITION #1 (140-Foot Coast
Guard Vessel)

Three structural alternatives have been presented that seek to de-

crease the flooding potential due to ice jam formation at Vermilion Harbor.

In addition, the "no action" alternative is also considered. In judging the

relative merits of each proposal, the criteria specified in Section 3.0

must be reiterated. Each potential solution must be judged relative to the

following elements:

1. Success in Relieving Ice Jam Flooding

2. Navigational Safety

o Coast Guard ice breaking vessel

o Small craft during ice-free periods

o Sedimentation

3. Engineering Feasibility

4. Beach Stability on Adjacent Shores

5. Cost

o Construction cost

o Maintenance cost

6. Environmental Impact

o Water quality

o Aesthetics

7. Acceptability

o Local

o Agency

The three ice jam mitigation alternatives presented previously

together with the "no action" alternative must be compared and rankea in order

to identify the most attractive scheme for further consideration and possible

implementation. Evaluation will be done using a weighted value matrix con-

rsidering the key criteria elements set forth above.
The evaluanoa. matrix presented in Table 4.8 shows the results of the

evaluation process. Note that the two channel deepening routes are con-

sidered in Alternative 1.
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Based on information gathered from City officials, the U.S. Coast Guard,

the U.S. Army Corps of Engineers, the Vermilion Port Authority and area residents,

each evaluation element considered was assigned an importance factor, I"

(0 - no importance through 10 = very important). Assignment of values for

these factors undoubtedly are subjective and highly dependent on sensitivity

to area interests but, applied on an equal basis to all schemes, this approach

provides a relative means for ranking. The rating factor, "R" ( 0 through 3),
is used for rating each scheme relative to the evaluation elements, sub-

sequently to be multiplied by the importance factor, "I", to arrive at a

weighted rating, "IR", representing the scheme's score for that particular

evaluation element. The sum of all the weighted ratings for each mitigation

scheme is the basis for their subsequent ranking.

Based on this evaluation procedure, the most attractive alternative

to decrease the flooding potential due to ice jam formation is the dredging

of a fifteen foot channel at the east harbor entrance. In this way, the new

140-foot Coast Guard vessel can effectively break through the windrow ice zone

and create a path through which broken ice can escape from the river to the

lake.

C
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5.0 EVALUATION OF ALTERNATIVES FOR DESIGN CONDITION NO. 2: 110-FOOT
COAST GUARD VESSEL

The Coast Guard has indicated that the traditionally used 110-foot ice

breaking vessel will no longer be available to serve the future needs of the

City of Vermilion. This vessel, which has shown its effectiveness and ability

to conduct safe and efficient ice breaking operations in the authorized 12-

foot depths of Vermilion Harbor, will soon be replaced by a 140-foot vessel

that requires 15 feet of water depth for safe navigation.

For Design Condition No. 2 that employs the 110-foot vessel,no channel

or harbor modification is required to allow ice breaking activities to be

successfully undertaken. The Coast Guard has shown the ability to enter

the harbor to perform ice breaking operations on numerous occasions since

the offshore breakwater was installed in 1973. The winter of 1980 showed

the ability of the 110-foot ARUNDEL to safely navigate through the harbor

entrance.

This serves to indicate that if the 110-foot vessel was still available

for ice breaking in Vermilion Harbor, no channel or structural modification

of the federal navigation works at Vermilion would be required. This is

borne out by the 1980 Report of Ice Breaking Assistance, prepared by the

Corps of Engineers Cleveland Project Office, which states:

"Ice breaking on 20 February 1980 was extremely effective in allow-

ing the mouth and upstream to th* Route 6 bridge to be clear. If

the Vermilion (city) ice breaker had not broken down on 22 February,

the entire river could have been cleared and there may not have

been any ice jams at all".

As stated previously, it is the opinion of the U.S. Army Cold Regions

Research and Engineering Laboratory that the offshore breakwater at Vermilion

serves a useful purpose in reducing the threat of ice jam formation at the

mouth of the Vermilion River. Furthermore, historical ice jam formation
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during the pre- and post-breakwater period have shown that no upstream

flooding has occurred due solely to the stagnation of ice floes at the

breakwater. Flooding that has occurred traditionally at upstream locations

f is due to ice jam formation at river bends and at locations of major

structural projections into the river (bridge piers, projecting bulkheads).
To reiterate, no channel or harbor modification is deemed necessary for

Design Condition No. 2 in which the 110-foot Coast Guard vessel is available

for ice breaking service.

(

57



6.0 CONCLUSIONS AND RECOMMENDATIONS

Design Condition No. 1: 140-Foot Coast Guard Vessel

The evaluation procedure undertaken and presented in Section 4.4 of

this report is the basis for the recommendations presented. The Route II

channel deepening scheme of Alternative I rated the best of all the

mitigation schemes considered for the 140-foot vessel. In addition, this plan

was also judged to be better than the "No Action" alternative. The proposed

channel configuration for this plan (shown again in Figure 6.1) allows for

the passage of the new 140-foot class Coast Guard icebreaker on the east side

of the Vermilion Harbor entrance.

~)

agt fl l

£4 AU, Vi I

Lt 9 
E

:g : KEY

• ~~E~ DERALLIY AUJTHORIZED~CHANN4EL
(I . * - PROPOS6O IS FOOT CHANNEL )

S r.ql I ,.. 1-0-4O .

FIGURE 6.1: RECOMMENDED MITIGATION SCHEME, ALTERNATIVE 1, ROUTE II
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For this reason, the expensive blasting and rock dredging operations

specified for Route I can be avoided. The opinions of the Coast Guard led

to the belief that opening only the east entrance channel was a feasible

and acceptable condition for vessel operation. It must be stressed, however,

that the full range of operational characteristics of the new 140-foot ice-

breakers are not clearly defined at present. The ice breaking procedures

posed to the Coast Guard seemed reasonable but the proof of acceptability

must await the initial attempt to perform these maneuvers. The construction

cost of the proposed 15-foot channel is $186,700. The anticipated annual channel

maiihtenance cost is $86,600.

The ice jam migitation plans requiring modification or removal of

the breakwater (Alternatives 2 and 3) are considered not favorable due to

the following:

1. Lack of quantitative data or reliable qualitative evidence on

which to base an opinion or belief that these options would

indeed lower the ice jam flooding potential.

2. The increased potential for more severe ice jam flooding under

conditions of windrow ice at the mouth of the river.

3. Loss of navigational safety for pleasure craft and commercial
fishing vessels at the harbor entrance during northern storm

wave periods.

4. Comparative cost.

Due to the immediate response required to successfully combat an

ice jam emergency, another alternative, not detailed herein, would seem

advisable for consideration wherein the City of Vermilion would upgrade

their capability to execute ice breaking operations. In this way, the City

can control their local problem without relying on the vessel of a federal

agency that may be committed to another mission in a distant location when

the urgent call for quick assistance at Vermilion is initiated.
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In summary, it is highly recommended that the City of Vermilion

undertake an assessment of its desire and ability to resolve ice jam

problems in the Vermilion River. Upon further knowledge based on experience

of the capabilities of the new 140-foot class Coast Guard icebreaker, some

modification of the channel entrance may be desired. This seems to be wise

only ifthemodifications undertaken serve to 1) reduce the probability or

severity of ice jams, and 2) allow the Coast Guard ice breaking vessel

greater ease of operation within the critical harbor entrance area. In this

respect, the harbor entrance deepening shown in Figure 6.1 (Alternative I,

Route II) contains the best balance of engineering feasibility, cost, and

environmental acceptability. It will not eliminate the possibility of ice

Jam flooding at Vermilion, but coupled with coordinated local effort, it

should reduce the probability of flooding caused by ice blockage at the river

mouth and effect this reduction at a reasonable cost. Given the dangerous

combination of an early thaw period and thick river ice, flooding along the

Vermilion River is expected to occur in the future as it did on various

occasions prior to the breakwater construction of 1973.

Design Condition No. 2: 110-Foot Coast Guard Vessel

If the Coast Guard retains the use of the 110-foot ice breaking vessel

that has operated successfully at Vermilion in the past, no harbor modification

or channel deepening would be required to utilize the vessel's effective

ice breaking services. The ability to navigate the 110-foot vessel safely within

the harbor (albeit with prudence and care) has been displayed on numerous

occasions both before and after the construction of the offshore breakwater.

Assuming that the authorized 12-foot depths are maintained within the harbor,

ice breaking operations at Vermilion can be conducted by the 110-foot vessel

if performed in a timely, prudent manner.
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8.0 APPENDIX

8.1 ICE TERMINOLOGY

Ice Sheet: A solid, floating, smooth unbroken ice surface.

Shore Ice: A long ice sheet that is attached to the shore.

Ice Floe: A free-floating piece of ice that can be a few feet to

hundreds of feet across.

Ice Cover: A continuous expanse c1 ice of any possible form, from shore

to shore, in a river or a lake.

Ice Jam: An accumulation of ice floes in a section of river form-

ing a local obstruction and raising the water level upstream.

Fast Ice: Ice firmly attached to shoreline or bottom.

Windrow: An accumulation of drifting masses of floes pushed against

the shore or fast ice by the wind; usually parallel to shore.

Drift Ice: Any unattached formation of ice.

Pack Ice: Accumulation of drift ice into masses upon the surface of

a lake or ocean.

C
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8.2 RELEVANT CORRESPONDANCE

1. Disposition Form, Potential of Ice-Caused Flooding at Vermilion,
C.R.R.E.L., August 2, 1979

2. Position Statement, Ice-Breaking Responsibility, U.S. Coast Guard
to COE, euffalo District, October 27, 1970

3. Discussion of Channel Alignment Change, Vermilion Port Authority to
Mayor, November 29, 1973

4. Notification of Channel Alignment Change, COE, Buffalo District to
U.S. Coast Guard, UJanuary 7, 1974

5. Statement Concerning Channel Alignment Change, U.S. Coast Guard to
COE, Buffalo District, February 20, 1974

6. Request to Change Channel Alignment, COE, Buffalo District to COE,
Northcentral Division, March 13, 1974

7. Approval of Channel Alignment Change, COE, Northcentral Division to
COE, Buffalo District, April 2, 1974

8. Report of Ice Breaking Assistance and Emergency Operations at the
Laveland Projects Office, Winter, 1979-1980

9. Correspondance Documenting Tetra Tech - U.S. Coast Guard Communication

Regarding Ice Breaking Operations

10. Cost Computations, Breakwater Modification

11. Dredge Costs, Channel Modification

12. Future Maintenance Dredge Volume Estimates
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]PkiPOSITION, FOR~M

Assessr-ent of Pt_=ntial ic-Zu - loodirn2 Vite
le/r~niii Hon River. Chio, ue to :-e etacbed Brta Nate r

CKfEL-EI
FM DAT! CUT I

Yeimo for Record Chief, 1EnB 2 Auqust 1979
DEN ',aR-jDG/lh/33'1

1. lntrmduction. On 26 .Iuly Mr. ', n Lid:eflb Chie, -- rnering Division, Buffali0
District, visited CMUE, IERB. He irdicated thiat the detached breaIh4ter at
Vernilion, Ohio, might be creating ice relate- d flooding -t.e to ice J_-ns and that the
District crgineer wished a definitl,'e anst er. Foiowving is the collective coiriol
of ;nvners of the Ite Engineering Rcarcn Srar.h of CRPEL tased upon their s Y' ~0
y ears of callective experience with prctlim~ of this sort.

2. Site Description. This is the site of a very old Zorus oro,3ect startijd in1&36.
'4o rtaining wall with a 100-ft tde channel btetween extend sy.e 300 and EDC f eet
utinto .he lake. These have been in place For sore ti.-e and is a result lonig shore

cur rents ?have mnade a beach on the east side and eroded a tay on t.4'e ,.est. . ne
detaChed breakwater, constructed in 1973, is parallel to the :nore ior 30W feet
teyond t!7e offshore end of t~he original piers. -he riVer -"';Vs into 'the lake wift
'water discharge traveling to 3nl B-ft chann~el to the west a nd 3 d2~ eep cV.annel
to the east. Upstream the river -vearders through a cl~ssic cOi~f cer Seven
wles gaining abcout 50 ft in elevatiton. 'The dcnt-sa: 2<ilts is .n6der -.!e
inf~ence of lake level and the floodplain is heavily built-up and prone to uT
floed darvage as well -as ice Jaim, caused floods.

3. Zi~cussian. One questlcn that ! as bothered some ; ople since conStriuctI-;n of
the detichie3 Ereakwater is its possible affect on ice 5amns and related f'ocding.
iliere have been other questions raised about the breakw.qater affects .hi-h are not
within our .1rea of expertise and will not be addressed.

"nVetlksadesl
;.re el' the mia~or ice features co;rion to all 'he GetLksadesl

I *asa ved is the shoreline windro. Winddriven ice piles up along the shoreiine.
Th.ese ridces occur because Ite ice grounm-dstD the hed, -_cn4,4r-,es to ride over tne
-idee, breaks into smaller ice oiecis resulting in a Potentially high pile of 'cea.
abov lak-ner level a a ofte h orel inchae thisie aile grenera oVut not froee
abov lak-er evel aot e sTwh orel ine his ie aID se erueri tuot i froet
solid to the bed, wAater flow through the barrier is ty seepage thro-ugh the ilass
~- r- d o'jt *,-ver a long dista.pce. 7bose st re ars and rier Vh'i :dsha. an~*t
iv~ a :.ortl.on of this U baro-er h brar ,am a

di 2 41n -h e l a ke c WN e a Ce tr T nt to Te I'mJ a ; o f -4a r2n. d -c a
2n inland river, Generil iv ,tecl oser t hore the -vi -m for-s , the q rea ter

: e otzmtial for ice ird watar I" 'ck!aes.

7,% hich~ will 311aw th lc.otr ozs osibly e,#r.t 'e
.U -ore i-'vortantly 5pre3d V-_ rver s disahargqe over a ;-tr.e.,h~fte
iwidr-.V 7hi 's exactly -wa hsbecn dcne at Vermllizn ar no wi ndrw r I3?d

-DA 2496 .*CI



CRREL.- El 2 August 1979
SUBJECT': Assessment of tbe Potential Ice-Caused Flolodinti along t.*,- '.e-Dilion Ptiver,

Ohio, duje to the Detached Breakwater

The mintaining of the deep channel in the first 3/4 -ni. of' river is also important
is reducing ice jan flooding. the deepened channel serves as a storage medium for
upstream ice floes and minimizes the cross secticral area taken by the ice. In other
.0rds. the water conveyanre beneath the ice J am is inrrved biecuse of increased
st~r3!;e of ice in the deeprned chanrrel.

A short, a detached b.reakwater similar tafo tt it '1erni ie, is and hias ',eefl
our preferred recorirendatioi at those sites on the lakes plagued by wildrow relatLed
Wpine floodirg. IUnforturately, few municipalities have been able to afford this

solution and the benefit/cost ratio has precluded Federal help~. So OAaces like R~arvey.
bicoiqne ea Mauette, plan on explosive destruction of t e iw- ecti fodn

it 'iust not be infe-red fr om t he previous paragraphs that 7e m-ilion will be fore-ver
!--e:f ice j&'rts. In fact, the river has a history of ice j.amns which have occurrsd

-it tne expected, classic locations;, near the poorly alic~ned Pern~entril Sridge piers.
it sharD t'ends, clhanrlel constrictions, and due Just to a chir'fe in t-he river's sione.
Th*ese were undoubtedly caused collectively by the obsr-.ct64ons and the river ,)eanetry.
lo lessen the frequency and severity of 4ams within the river is another problem whichi
'aie-ht be4 attacked with a floating log lboown across the c.har-nel and -11 codplam upstrei
if any present dc-i lo-rent. The intent of such1 a sric-tre --lulld te ts hold back the

!-er ice and form a 'am at a desirable location, with, -iinin~al da--aqe,

. Crcluszlon. ;e 5elieve that the detached breikwater is an tsset to 'ecriiiol "or
:-1'tjrrg1e-am f'cding at th-e entrance to the lake. ,'t certainV ret'uces water le--,ls

3-ae to ice related flo-ods by creating the wiridrojw further into lake A-nd allc Iirng a cmse r.
di-ijsiwn -ront a-F the wate-r rv- che river into the lake. B.at ice J~ans and rlt~

9CClng, ruhgh unrelated to t-he detached breaifater. Tay occur aain on the river
jPstre-ar of the mouth and the city should not feel that the breakwater has solved 'he

~ote~ice ja zr-b, but it tias reduced the '~stream ice jnthreat. Ve -will
ie hapy to attevid and speak at a public mieetinig to answer any additional questiorts,
or 7eet with the city officials t-o discuss the effect of the breakwater on future
4c? Jams.
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7 '4 DEPARTMENT OF TRANSPORTATION Address reply to:COMMAANOER(ON r)

UNITED STATES COAST GUARD Co tANOE:(Osr ,
Ninth Coast Guard District* " "1240 East 9th -t.

-q Cleveland, Ohio 44199

3253
Ser, 597-70
27 October 1970

From: C.ar-nder, Ninth Coast Guard District
To: District Engineer, Buffalo District, Corps of Engineers,

1776 Niagara Street, Buffalo, New York 14207

jSubj: Improve.ment of Vermilion Harbor

Ref: (a) COFE, Buffalo District Itr of 8 Oct 1970

1. The turning basin, as delineated in reference (a) with enclosures,

twill favorably effect any decision to utilize a Coast Guard vessel to
relieve a flooding situation at Vermilion HL:bor. Ho;t.ever, as ;oi:'.eO
out in recent discussions be.een your office, Vermilion Port A-':t rity
officials and Ninth Coast Guard District represertatives, any decisicn
to break ice in Vermilion n, ust be predicated cn several consierations,II
not only by Co=.onder, Ninzh Ccast G.:ard District, but by the Co.nndr

____ Officer of any vessel so assigned. These factors are d-_iscussed h'. i.
J order that your office may exa-ine all considerations ,.hen de:ermining

if allocation of additional funds required for construction of a turn-
ing basin is justified.

2. First, there must be a clearly defined threat of flooding as con-
firmed by your office. Second, a Coast Guard vessci. =ust be available.
Pressing require-ents elsewhere and the necessity to achieve requircd-
maintenance objectives may well dictate other.4-ise. Third, the rezace-
nent program for our 110 foot harbor class tugs has not yet been dave!-
oped and may not provide for a vessel uith characteristics which pe-mi:
icebreaking in Vermilion Harbor. Fourth, the final decision, "v*i:h rests
with the CC-.andin& Officer of the vessel, must be predicated on Zhe
actual de.th of water available at the tine of need, weather c.i:ins
and the level of training which the me.bers of his crew has achioved.

3. Coast Guard vessels assigned to icebreaking duties must maintain

a strict "safety of vessel" attitude at all times and 1. feel constrained 11

t to point out hee that operations in Vermilion Harbor are inherently
hazardous and not necessarily within the capability of our vessels.
Even so, co, riensurate of course with the considerationsnoted above,
the Coast Guard is willing to make every reasonable effort to free the har.or
of ice as each situation dictates.

Acting
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MONE . .5517 PMONI. • 967.008

City* o1 Ve,'m i/ion
k. P O. OZ amD7

VEfRMILION. OMIO .AAo

l11MORANDUM

foveber 29, 1973

To: Mayor Earl Jones
Mayor-Elect. Jack Armtrong
U.S. Arm"y Corps of Engineers V
Congressman Charles A. !-'Msher

From: john T. Trinter, Chair an
Vermilion Port Authority

Subject: U.S. Coast Guard Icc-Ereaking Assistance

1. I talked with Mr. Joseph Frhart of the U.S. Ar--, Corps of a-._ ers,
Abcut changes in the eastgrly h .rbor entrance channel on <eesay,
!:'ve-ber 21 and 'onda-, . .. .ber 26. He advised 7e that a surv,y cr. - .u-d be
:-g.. .'-.±lion starting ::-vc.cr 27 to sound the cnt-r ast side of th:e
.thor * :Vrt h nd - the brea l to deep water in the la.e. -t is eina-ed

at the soundi , would take a week to cc.n-lete. The Cor-s "zud then -s':ke
e n of the hartor trnc sowinv all the latest su:ns

Iris chart would then be u;ed as ;he basis for oete.-rining alternate entrance
char.onels. A copy of the chart -will also be sent to the Coaa-. Guard for 'se

by the K.l,,. for entering the Ve-nilion Harbor on thc 4rv run and ice-breaking
m.issiors if necessary. This chart should be conlee d and in our hands by
early December.

2. On Tuesday, ':ember 29, 1973, I talked with Capt. earce, Chief of
Operations, U.S. Coast Guard. The purpose of the liscussion -..s t-:ofold.
First, I requ1ested that the Coast Guard send the KA',. to Vernilion to -e a
dry run into the harbor so-et'me this fall before the river freezes over.
This measure to be taken to assure evcryone that if ice ja-i s should Occur
this winter, that the KA--:"uld, for certain, be able to navigate arcund t-
new -etached brea.. ll and enter the .crilion .iver. Capt. Cearce a_-.-sed
ne that he would direct the KAW to make a dry r-in into the Ven.ilion River the
next ti-. she v.-s in the area and that there would be absolutely no problem in
na':i;at ing the KAW around the new breai,,all and into the harbor, especially in
light of the current existing high water table. Due to the energy crisis,
they could not make a special trip to Vermilion to rake a dr run but.that the
ne. time the KA'.' is operating west of Ver.ilaon, she -ill cone in on her -ay
back to Cleveland.

3. I next spoke to Capt. Dearce about making a change in the direction of
the easterly or dce!p water entrance channel. je to shaIe in parts of theC annel as presently designed, would it be possible to reorient the char.nel so



Ge -2- M'-orandun - 'November 29, 1973

" t it would go directly north to deep water in the lake. The propose charnel
Ad be 300 feet wide and would lie in a north - south direction. Capt. D,-arez

acr-d 7.e that there would be absolutely no problem in br.nging the KAW into
the -- "ion "arbor with such a channel.

4. in further talks -with the Corps of Engineers I have di:co--red thcre .ay
be a -t-4cs, cost over-run on the Vermilion Farbor Proiect due to an incrcazed
voli--e of river dredging over what was anticipated.

o
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Te~cL~ f3e,

; !!AJ!;CT; Var-miic-4 Vet-r (7Li - 0orvt- tmrly Lt~ca Aroc

miiith Coajt Cz.ird U~strict
ATM: C.npt4iz ?axica. Chief, Up'IrtloasSmach

1. The V.orailion Uarior caviato v ro~c--z La aaarC~C~3#.X:

C- e G £d sarimz re-iac±ve toQ this cha=e1 di.-: to thea L-e7tc-
z%,:ted of it vzosirsTC. roc withi. Le cc-Atract e±IA-r.1 lli'Lts.

a r,.cned tt' ~ c ~ ar.t vcU-4 -rovide a 1o*:Ic-;1 a.md c-ia.

r, 1--ilqto ou~r pro?0od lakea app~cac caxznel o~k-iicito. and ias af*fc:
ca ye.A futurec~.~~.i. o,-eratioa.a a~t Vermliom tarLor.

2. r- ve~t.Crly liult of the rvck shoal zs.-nicreAe &~ovea i loted P*-
;rcimt- ly 375 fact a&-%Carly of tim ox.st and of M1.ae se 4etched br.ter.
Its extec:t is s.ioc'vA in re4d on r-%. Lac.lzzd dr.-i!. A1 sub-surfac* L!1!or-
's-tiom &avb-4- 'L* foc the Varor*. cor.ar&ct Lzudicated thatc it vo=14 4s

*to LQZ3= rQCk. Ct S rTIr-C Of 15 feet tkeLov l.vr wator
,Jim its tkhe are& (itst of t * r-ev brcr-Latar, MhA rock. shora.was di-..-vcrgd
whza a~r a-,=tractor attewptod to r-rlfor t!:,s antcpia zz-hde~t

ra5qui±Se to Vrzvidd the 12-Coot pr-rejcr dzpth.

3. Inv.a~g SaptPaW.#r 1973 ye, obtaizti ao=,4£4;a cd pr-1.bsP vithiz tlhe
contract, liit of t~aa *ujec: ch-al L-Sid o c I C'-SLrtr-ta we
requested r-.4 recaivtd our coutr~ctcr's propctal In tLet eai2*c of "9268629g
Cee raoval of t~ho tuk shaxi. Due to the hL£h co~st of rock reuov'd w4
ks" studL aeletarm esoel layout* iaradd to reduce or. praferable.
elici.ntm =7 addIt-lodal rock rsem.ra1. During December 1973 va obu.-.meo
addicioaa com.odL.;s c.4 prob~ate over ea extansIw. ftz-z! *ad aes, ez.st

of the on.v 1bwazater. ?%rtlzeut portions. of our 1973 suricy' data aee
@Wewa anth Lbs £aoset Aravin4. Itsed ea tiLs Iform-atiae vse have sh~own
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sV'~W?:T. vernlm iRAzrov, Ob.±. Xe~rthuastarly Lake Approachi Chrel

r5 elternats chann~el. leyout that wOit1d przv'ids for a 3- oot viLdQ WL4.
&;rroGcc ch.e-ael extending~ Ln a ecrtherly directi m as showno in Creen
cm t~.e Lacl~acd dzavir.. rbae northerly lel of t:;& ap'pro-tcl wzzc ~&f irc~~~d to the 1Z0-fcot vt.1e in or-dr to pro~ids grecter r~u.i~
rc-om for y~rr vesz-ol during icalurbakLial ol~ati~ft. ~8nlterste
cLL--i wcoild a-a r'aqiire ay adcitlan~tl earth o~r rcL derdri: =~d
wou.ld prob2.ly rosult in a no-cosc c-ce-ficzt~io. All other Al.ternatives
,z-:1d wc;quire costly contract 3a-i±Jcztizi. Since local intcrests are
rcqaired to cc'otri .ute AZZ of the total rro~cct co~t, azy vonetary =.di-
fication vernid Lvolya a corre..poadiog increase in their fi.nal ariuo.

4. It Lsacotcd that your~ tug~ Lz the c.aly vvessel, *uterine Verwvlion
drb-or. that req.2.;L'cA a L2-fost -,roject deptlz. All] other cozz% rcizl

vesels Pud pla&;ra crzet cur-rftly %;-La the harbour re-,are Ir-s tha
S-toot dcpth end -woul- nat liave to e restrieted to tha proposed
vide approach chananal.

3. Sinice the ucifare zcndl tzfot7 of tc" City of Var-aUioc. way ',e d.e;pn'-ret
up-c- ft%:kra ic.r. sf. sistance fror. tie Corast Curd uo aier tive
e-1atioa is tpasLble t.lrczs it rrcvidcea the capa, ility for your c±u
lc::1reting apt-rAciooa. Wa vould £'sCtea statevc"c from you as to.
--t.,ther the proposed changel is SCC-'tiPbJe 92 a sCh :ZtuJCe for the o-ne
prYiouily pl=. aed. If you desira turthoar iforvatict ra'ativa to t.±S

jprc;.Qd c--tract =,iication, wie will be plo-asd to furn-ish it upot req%.e-st.

6. -it ar* Ioc!*3ing a copy of yovur ktt:ier dAted 27 Uctober 1970, SER 597-70

~4 fcr your r'oady reference. This corr**~p,-od~ze ralztia to your i=Lti&l

intereated a.tacies v-111 risceive sppropriza rztificrtica of th;a chznee.

irci CiAZUES T. "IYELS III

raor Corps ofpL Emtn

Ac!* -.tic a~c



/.2 > DEPARTMENT OF TRANSPORTATION Addess re-y to:40-- : COMMANDER (osr)UNITED STATES COAST GUARD NinthCoastGuard DstrCt
t1240 East 9th SL

Ceveland Chio 4-!99
Phone.: Z16-522-3981

"32S3
Scr, 25-74
20 February 1974

Charles T. My'ers II
M.-jor, Corps of Engineers
Acting District Lngineer
1776 Niagara Street
Buffalo, New York 14207

. --ar Kijor MNers:

Your letter of 7 January 1974 regarding proposed Northcasterly
lake aucroach channel modification for Vermilion Harbor has been
carefully studied.

The modification in regard to icebreaking opcrations should pose
no problem since the area :,culd be ice covered and sea conditions
which could otherwise prove a problem %.tould be mini. al. The
c"ribi lity for continued icebreaking operations should not be
L-aired and the proposal is acceptable.

Sincerely,

A. C. P;.ARCE

Captain, U. S. Coast Guard
Chief, Operations Division
By direction of Co.ander,
\inth Coast Guard District

-- -
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HCBED-T 3U areb 1974

SUJ " Vermiliou Frbor, Ohio

Div-sioz r.sizecr. :orth Central
ATMI NCDED-T

1. Tu accordance vith ER 1110-2-1290, paragrapb 13h, a revisiou to the
approve4 plans and !-ecificAtions for the subject proJect is sub:_ited
for r,- raoal.

Sfnlo or.ton relatine to Che work- ccvered by the
r rision is sub:-itthd for your ready re!erence:

a. The Ve.-r!Ioicn '.'arbor aavi,.ation proiect, is nc r c
except for dredvimS of the ior:,hasterly lake approach channel. ;;e
htva encountered a serio,.s ?roblei relative to this c!%antel due to
the u-%azcipaced existance of a rz-.-.ive rock shoal within the
C¢-r .c: c! n.el lirits. ;e have studied several possible alter-natives
to the reroval of this ahoal. o* are inclosiag a pre.L-in -y drawiu(rV . No. 64-V731-2/1 A), detailing a pronsed alternate channel that
would pravile a logical and eco .'-ic'-l solution to the 2roble-m.

b. The vestarl7 ulnIt of the rock shoal mentioneId above is
located a,-rox-ate17 375 feet easterly of the east end of the new
detached brea.water. Its extp t is sho n in red on the inclosed
draw'lag. All subsurface Lnfom-ation available for the Ver-milion
contract indicated Cha it wovuld be remsonble to as3', rock at
a min tim depth of 15 feet below law we:er datum in the area eLst
of tla new breakrater. The rock shoa.l was discovered wben ourI-c.tractor attL--pted to perform the aaticipatod earth dredgiag
required to provide the 12-foot project depth.

Ii c. Durir" Septezber 1973 we obtafmc-d soundiins &Ad probizz;s
within the cotrac: Lmits of the subject eh.g.el. Uased an thin
Lanorzar io we requested and received our contractor's proiposal in
the awount of $268,629, for rrsoval of the rock zhoal. Due to the
b.hi cost of rock renoya we have studied alternate chanel ayouts

hI -



AZ

SU-3JtC Ver~ilio& Raal~ro Oblo

intended to raduzte or, preferably, eliminate any aid-2itional rock r~er.e.
Dq~rinag Dece-, ber 1973 we obta.ined add~itiona.l ud~ and prn-ings over
a extensiva fa-shaped ared eASt Of the new breilyslater. Ferti.lent
yortions of our X973 sut-iey data are sh~ on the iziclored drh-.itnZ.

an this Infort.tion. ve ha.ve sele~ctad sma.truata chamn.-l laycmt
that vsul41d provide for a '00-foot viJ* lake approach channel exten;!ing
in a northe.rl7 directioz 4s shoum im green on the Inclosed dravi..
The northcrly le- of the a~pproach chA-rnel wa~s inicreased to the 3C0-fcot
width in order to providn grer rtgnauveri~n, roon3 for Coast Guard
vessels during icabre.tking operations. This alternate cb~nel --o=ild
not requirn, cay additional earth or rock dredging r-d wounld probu.b-y
res.mdt in a no-cost wo,iIr~icaticon. A1l other alerrvitivs -eAdrft-.(ura
costly coz'.rrst tvoificatiocs. Since 1oc..&I in-terests -.rr rn-rq.-red to
ccrtributo 42%Z of t.he total projitct cost, =.y !'o-n.t-ry mcificatiar
wv I Lwjivlv a coresporJing i:-.reatae in their f'intl ccntr'-bQuiona.

d. it r~olild be noted U'LAt the Coa~st czr tt:v is the~~i v S;.A
ecertzi; V~r.i1±cor I~-I~r u~ rcqutres a 12-foot projct !2e'.th.
All othier cardt.-l-l rtrs.!1s and p1.c~sure craft curre-,,tlv u~~t~m

ht:rrecttire lc-sa than G-fo-4t do;-th and vou~ld not havie to be r-=z:rtcta,-
to the prop~osed 300-foot i.- ap-,roacba c.am~ei.

a. Since the welfaore ad fevof the City of TVerr.±lou may be
de~~tnponfuture L~r.iZ1assistance from the Coast Cuard,

no &Itcrrnativv soluIzcoi is fzaiible unlass it providas the capabilivy
for thoir continued icr re!4.nrt operationsa. We co-atacted the "inath
Coast Otiard District At Clav'el-id an~d requested C!h'ir conclirrec:e
ith our ch-al raes iFt.-ent procxwsal. A copy of their affir,-Ativa
raply, dated 20 17abr-Lary 1974. is inclosed.

3. :-Lecs appraval of the above-mentio-rad ravision to the ap7proved
plaza u.zid secificcaios for subjct project.

4. Upoux raceipt ot 7out approva.1, tha necess~ry con~tract r'odification
vil.1. be ecasu=.ittg. Contract co ation schedule-d for 31 Iiay 1974
viLI not be affected since so additior-a1 wiork is required.

2 tneJ. BEIKAr C. hr.==S
L. Coast Guard lItr Colonel, Co4rps of EnCine~rs
2. DwS 74.. 64-V?2-2/1OA District Engineer

C'.'oc I L qua)

)6C3B
' " -2
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N.CDED-T (1.3 Mar 74.) 1st tId
e SUBJEC': Vermilion Harbor, Ohioed

-0: DA, North Central Division, Corps of Engineers, 536 South Clark S:reet,
S.

Chicago, Illinois 60605 2 April 1974

TO: District Engineer, Buffalo

1. The proposal to provide an alternate channel for subJect project is
approvcd.

2. Final contract p!ans and snecifir.ations for su't-ec: project were nz:
received by this c~fice. It is requested :hat a se: of con:ract ;lan-z
and specifica:ions be for-warded to NCDCO-C, N$.DED-F, and NCD--.

Inc! L .H. BLA. /'
wd Chief, En;ineering Disi..

!

(--



bIgPOSITION FORM
Pot use of this form. see AN 340-t 5: tho Dooneff aeie Is The Ao'hfta Geomrs Office.,,,

=EAEMVCF Oi OFFIC. SYMBOL sus.sFr Report of Ice Breaking Assistance and
NCBCO-CL Emergency Operations at the Cleveland Projects Office

IWinter of 1979-80.

TO Emergency Operations Officer FROM Cleve Projs Eng DATE 2 April 1980 CMTI

Matricardi/hha FTS 293-4957

In the following narrative report is a summary of all emergency operations which were
supervised by the Cleveland Projects Office during the winter of 1979-80. Ice
breaking assistance was limited to the Rocky River, Vermilion River, and Grand River.
The report also gives the weather and ice conditions on various days. The Coast Guard
will also be sending reports from the Captains of the ice breakers to H. Vitale.
The lake level during this period was -3.0.

Friday, 25 JAN 80

Ice began to form inside the breakwall in the harbor at Cleveland.

Monday, 28 JAN 80

Lake is completely frozen over as of today.

Monday, 11 FEB 80

South winds moved the ice away from the shoreline. rce breakers Arundel and
Raritan are now in Cleveland.

Thursday, 14 FEB 80

Rocky River - River frozen smooth from entrance light upstream. Lake is clear fro
entrance light north.

Saturday, 16 FEB 80

North winds have blown the ice back in to the snortline.

Monday, 18 FEB 80

South winds have started moving the ice away from tne shoreline again.

Rocky River - River frozen smooth from entrance ligmt upstream. From entrance
light north for 600 feet is windrowea ice, then ooen lake.

Weatner - Predicting high temoeratures of 40o-4507 on W-dnesday, with possible
rain.

Tuesday. 19 FEB 80

Called Coast Guard, Detroit, i=nd airted them of *,tiel' i¢ jam, th; week-.

DA, ,.,= 2496-0 FORM St. .xtSTING SUPPUES OF WPiCH WU At *UAW*

DAI'UN6 486 Z~tmuw~m@3mwsom~v~u=



NCBCO-CL Subject: Report of Ice Breaking Assistance and Emergency Operations
at the Cleveland Projects Office, Winter of 1979-80.

Vermilion River - Smooth ice from breakwall upstream. Windrowed ice from
breakwall for 300 feet north, then open lake. Mayor Johnson
requested Coast Guard assistance. Vermilion ice breaker
broke river ice from the Water Treatment Plant downstream
to the east side of the breakwater.

Grand River - Smooth ice from entrance light upstream. Open lake north of the
entrance light.

Called C.ast Guard, Detroit, at 1545 and requested an ice breaker be sent to
Vermili(n, Rocky River, and Fairport to do some preventive ice breaking.

RocKY River - Smooth ice from entrance light upstream. Open area at Detroit
Avenue Bridge. Windrowed ice from entrance light north for
300 feet, then open lake.

Wednesday, 20 FEB 80

Vermilion River - Coast Guard cutter ARUNDEL arrived atllO0 hours and broke ice
on the north, east, and west sides of the breakwall. It then
broke ice inside the harbor and from the breakwall upstream
to Sta. 50+00. The ARUNDEL was drafting 11.5 feet. Ice
breaking was completed at 1500 hours.

Rocky River - Coast Guard cutter ARUNDEL arrived at 1710 hours and broke ice to
within 200 feet north of the entrance light, and could not go
further due to shallow depths encountered at the entrance channel.

Weather - Rain today with a high temperature of 420 F.

Thursday, 21 FEB 80

Grand River - Coast Guard cutter ARUNDEL arrived at 1230 and broke a channel
uo the river from the entrance light to the end of navigation.

Weather - High today 370 F. Forecast for tomorrow is 90% chance of rain and

winds from the southeast.

Friday, 22 FES 80

Rocky River - River ice began to break up at 1500 hours. An ice jam formed in
the East Channel from approximate Sta. 35+00 to 43&00, but it
was not jammed to the bottom of the river. The West Channel
was clear of ice and the water level was not rising. No other
ice upstream.

Ve'illion River - Ice at Mill Hollow Park began to break up at 1600 hours and
formed an ice jam at the Route 2 bridge. From Rt 2 to
Penn Central bridge was sheet ice and from Penn Central

"2-



NCBCO-CL Subject: Report of Ice Breaking Assistance and Emergency Operations
at the Cleveland Projects Office, Winter of 1979-80.

Bridge to the mouth of the river was clear. Vermilion ice
breaker was broken down.

Grand River - Ice moving out of the river with no ice jams.

Saturday, 23 FEB 80

Rocky River - River is almost completely clear of ice, except for windrows at
the mouth. No ice left in the river.

Vermilion River - Ice jam at Route 2 bridge has moved downstream to the
Olympic Park area and is approximately I mile long and causing
flooding around approximately 20 homes in the Olympic Park
area. There is approximately 500 yards of sheet ice downstream
of the ice jam and then the river is open all the way to the
lake. The Vermilion ice breaker is being reoaired.

Sunday, 24 FEB 80

Vermilion River - Situation same as yesterday, water level down slightly but
houses still being flooded at Olympic Park.

Weather - High temperature S)°F. Winds from the west and forecast to be from
northeast tonight with snow flurries.

Monday, 25 'EB 80

Vermilion River - City of Vermilion attempted to remove the ice jam with a
front end loader. Removed approximately a l0O/yd channel
which helped increase the flow under the ice jam. People
returned to their homes in Olympic Park.

Tuesday, 25 FES 80

Vermilion River - Ice jam settled on the river bottom now, no water backing uD
behind it. Skim ice forming in the river.

Wednesday, 27 FEB 80

Weather - Very cold, high of 25F and overnight low of 150F.

Thursday, 28 FEB 80

Weather - High of 22°F and overnight low of 100 F. The lake is frozen at the
shoreline again. All rivers are re-freezing again.

-3-



NCBCO-CL Subject: Report of Ice Breaking Assistance and Emergency Operations
at the Cleveland Projects Office, Winter of 1979-80

Grand River - Coast Guard Cutter ARUNDEL went from the mouth of the Grand River

to the end of navigation and broke a channel.

Friday, 29 FEB 80

Weather - High of 15OF and overnight low of O°F.

Saturday, I MAR 80

Weather - High of 15°F and overnight low of 50F.

Sunday, 2 MAR 80

Vermilion River - Vermilion ice breaker is running again and has broken the
river ice from the Water Treatment Plant to the breakwall.

Weather - High of 20OF and overnight low of 60F.

Monday, 3 MAR 80

Rocky River - Southwest winds have moved the ice away from shore again. Lake
clear approximately 200 yards north of the entrance light.
River is ice covered, but ice is thin.

Weather - High of 250 F. Forecast tomorrow of 400F, southwest winds and 200 chance

of rain.

Tuesday, 4 MAR 80

Vermilion River - River ice covered from the ice jam to 100 yards north of
the bre3kwall.

Weather - Forecast for rain tonight and tomorrow.

Wednesday, 5 MAR 80

Rocky River - River clear from Oetroit Avenue upstream, and sheet ice down to
the mouth. No possibility of further ice jams here.

. Grand River - Requested an ice breaker to alleviate possible flooding. An ice
jam formed at the B&O railroad bridge last night, but is not
causing flooding yet. Coast Guard Cutter RARITAN ar'-ived at
1500 hours and broke a channel from the mouth to the end of
navigation.

-4-



NCBCO-CL Subject: Report of Ice Breaking Assistance and Emergency Operations
at the Cleveland Projects Office, Winter of 1979-80.

Weather - Rain today, high of 40oF and winds from the southwest and to change
to northwest tonight.

Thursday, 6-MAR 80

Weather - High of 330F and overnight low of 15OF. Winds from the southwest.

Friday, 7 MAR 80

Grand River - Ice has blown in to the mouth of the river. Ice jam still at
the B&O railroad bridge.

Weather - Heavy rains tonight from 1500 to 2300 hours.

Saturday, 8 MAR 80

Vermilion River - Water I-evel rose to flood level behind the ice jam and
flooded the Olympic Park and Riverside Drive 3reas. River
clear downstream of ice jam except for thin sheet of ice and
some windrowed icR at the mouth of the river. Vermilion ice
breaker broke up the remaining sheet ice downstream of *he
ice jam and broke loose approximately 100 yards of the ice
jam. Freed ice flowed to the mouth of the river and stayed in
the river. Water receded at Olympic Park and Riverside Drive.

Sunday, 9 MAR 80

Vermilion River - Ice at the mouth of the river had frozen together overnight.
Mayor Johnson requested an ice breaker to clear the ice at
the mouth of the river while the Vermilion ice breaker tried
to free the remaining ice jam. Olympic Park and Riverside
Drive are -iooded again. Coast Guard stated they could not
send an ice breaker until Monday. Vic Monz, a contractor
from Lorain, Ohic, sent a tug to help mcve the ice at the
mouth. At 1300 hours the Vermilion ice breaker hit the ice
jam and caused the entire jam to start moving downstream.
The ice jam moved downstream with a strong current with no
further ice jams, and emptied into the lake. All ice was
gone from the river by 1500 hours.

Monday, 10 MAR 80

Grand River - Ice still jammed at the B&O railroad bridge, and the water level
behind the jam is approximately 4 feet higher than downstream.
Ice downstream of the jam was floating freely. Water level
receded later, and all ice moved out of the river during the
next couple of days.
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NCBRO-CL Subject: Report of Ice Breaking Assistance and Emergency Operations
Cleveland Projects Office, Winter of 1979-80

t EVALUATION OF COAST GUARD ICE BREAKING

Vermilion River - Ice breaking on 20 Feb 80 was extremely effective in
allowing the mouth and upstream to the Rt 6 bridge to be clear. If the Vermilion
ice breaker had not broken down on 22 Feb the entire river could have been cleared
and there may not have been any ice jams at all. The Coast Guard ice breaking
also generated positive comments of Corps and Coast Guard assistance from
Vermilion residents and local news media.

Rocky River - Ice breaking on 20 Feb was completely ineffective due to the
Coast Guard cutter only being able to get within 200 feet of the entrance light due
to shallow depths in the entrance channel. Dredging of the river this spring
should alleviate that problem. -

Grand River - Ice breaking on 21 Feb. and 5 Mar. did not alleviate or prevent
any ice jams. The ice breaking did generate positive comments of Corps and
Coast Guard assistance from Fairport Harbor residents and local news media. In
other words, "We did all tha2t we could."

SUMMARY

In my opinion, the preventative ice breaking done this season did help at the
Vermilion River. Of course, it is very difficult to predict exactly whether an
ice jam will occur or not, and where. I feel the preventative ice breaking makes
the local residents feel that the Corps and the Coast Guard are doing all they can
to prevent any ice jam flooding. Also if the weather, wind, and rain conditions
are right, the preventative ice breaking will be beneficial. Therefore, I
recommend the same procedure be followed next year.

JOHN S. MATRICARDI
Cleveland Projects Engineer

CF: LEE HAIR

C:



COAST GUARD ICE BREAKING OPERATIONS, VERMILION, OHIO

Meeting of October 11, 1979:

Jim Henry, Joan Pope: Buffalo District
George Watts: Tetra Tech
Captain Millradt, Commander Martin: U.S. Coast Guard

The Coast Guard representatives indicated that their new vessel for ice
breaking operations in Lake Erie will require 15 feet of water for ice-break-
ing operations; therefore, that channel depth must be available at Vermilion
Harbor for them to respond to calls for assistance. They pointed out that
operation within the present easterly channel entrance, and with the ninety
degree turn into the jetty channel, was very hazardous and probably an un-
acceptable condition for their new class vessel. Entrance via the east
channel and proceeding westerly between the detached breakwater and the
jetties to exit out of the west channel would be an acceptable ice breaking
route and condition providing there was the 15-foot of water depth in the
easterly and westerly channels. They felt that a breach in the detached break-
water with adequate channel depth would improve their ice breaking operations,
however they pointed out the necessity of having an area (15-foot water depth)
between the breakwater and jetty ends wherein the vessel could be turned
around for exit purposes.



COAST GUARD ICE BREAKING OPERATIONS, VERMILION, OHIO

Telephone Conversation, November 20, 1979:

Peter Gadd, Tetra Tech
Mr. Graham, Engineering Officer, CG Vessel Bristol Bay

The Bristol Bay is a new 140-foot Coast Guard ice breaker (12.5' draft,
37.5' beam). Presently, the vessel is based in Detroit but may be moved
to Cleveland.

Vessel can move astern along ice broken route, however, being a single-screw
vessel, she will back to port if the ice is not strong enough to guide the
vessel. A turning basin having a diameter of 600 feet would be required to
allow safe turning if backinr4 must be avoided. While backing may not be
acceptable under all weather and ice conditions, It appears that this require-
ment would not prevent well-planned and timely ice breaking operations by the
new 140-footer.

(
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COAST GUARD ICE BREAKING OPERATIONS, VERMILION, OHIO

Telephone Conversation, June 25, 1980

Peter Gadd, Tetra Tech
Captain Charles Millradt, U.S. Coast Guard

The Coast Guard vessel Arundel (110-footer) performed ice breaking operations
at Vermilion during the past winter. The Arundel will soon become the last
110-footer operated by the Coast Guard on Lake Erie and will remain in

Cleveland for one or two more seasons. Implementation of the new, 140-foot
ice breakers has begun.

No standard, accepted ice breaking maneuvers by the Coast Guard's 110-footers
exist at Vermilion. The commanding officers of each vessel must, at the time
of ice breaking, determine the extent and mode of operation. This is highly
dependent upon the existing conditions of ice jam extent, river flow, and
wind/weather conditions. These vessels have not always proceeded upriver
between the entrance piers when hazardous conditions exist.

The exact abilities and limitations of the new 140-footers are highly
speculative at this time. The precise level of maneuverability of these
large, single-screw vessels is not yet fully documented and the ease with
which they may break ice at the Vermilion Harbor is not yet clear. It is
highly doubtful that these vessels could ever safely navigate upriver past
the ends of the Harbor piers.

*
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